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Abstract

Purpose: To provide an overview of relationships between sedentary behavior and mortality as
well as incidence of several non-communicable diseases and weight status reported in the 2018
Physical Activity Guidelines Advisory Committee Scientific Report (2018 PAGAC Scientific
Report), and to update the evidence from recent studies.

Methods: Evidence related to sedentary behavior in the 2018 PAGAC Scientific Report was
summarized and a systematic review was undertaken to identify original studies published
between January 2017 and February 2018.

Results: The 2018 PAGAC Scientific Report concluded there was strong evidence that high
amounts of sedentary behavior increase the risk for all-cause and cardiovascular disease (CVD)
mortality and incident CVD and type 2 diabetes. Moderate evidence indicated sedentary behavior
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is associated with incident endometrial, colon and lung cancer. Limited evidence suggested
sedentary behavior is associated with cancer mortality and weight status. There was strong
evidence that the hazardous effects of sedentary behavior are more pronounced in physically
inactive people. Evidence was insufficient to determine if bout length or breaks in sedentary
behavior are associated with health outcomes. The new literature search yielded seven new studies
for all-cause mortality, two for CVD mortality, two for cancer mortality, four for type 2 diabetes,
one for weight status, and four for cancer; no new studies were identified for CVD incidence.
Results of the new studies supported the conclusions in the 2018 PAGAC Scientific Report.

Conclusions: The results of the updated search add further evidence on the association between
sedentary behavior and health. Further research is required on how sex, age, race/ethnicity,
socioeconomic status, and weight status may modify associations between sedentary behavior and
health outcomes.

Keywords
sitting; mortality; cohort; chronic disease

Introduction

Sedentary behavior is defined as any waking behavior characterized by the expenditure of
1.5 metabolic equivalents of task (MET)s or less of energy while in a sitting, reclining or
lying posture (1). On an absolute scale of intensity, sedentary behaviors are at the low end of
the physical activity continuum; however, the postural component of the definition suggests
that sedentary pursuits may represent distinct behaviors (2). In most research studies,
sedentary behavior has been operationalized as daily sitting time, television (TV) viewing,
or low counts on an activity monitor such as an accelerometer. Representative data collected
by accelerometry in the U.S. National Health and Nutrition Examination Survey (NHANES)
indicate that children and adults spend approximately 55% of their awake time (7.7 hours
per day) being sedentary (3).

Given that much of the evidence on the negative health effects associated with sedentary
behavior has been published in the last decade, the 2008 Physical Activity Guidelines for
Americans (4) did not specifically address this (5). However, given the emerging evidence
on the negative health effects and the potential public health burden associated with high
levels of sedentary behavior in the population, the 2018 Physical Activity Guidelines
Advisory Committee decided to review this evidence. In this regard, the interplay between
sedentary behavior and physical activity on health were of particular interest.

The purpose of this article is to summarize the evidence on the associations between
sedentary behavior and health reviewed by the 2018 Physical Activity Guidelines Advisory
Committee and to perform a systematic review of prospective observational studies
published subsequently. In addition to updating the systematic review, we identified articles
from the searches to provide evidence on the relationship between changes in sedentary
behavior and risk of mortality.
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2018 Physical Activity Guidelines Advisory Committee Scientific Report

The 2018 Physical Activity Guidelines Advisory Committee (Committee) recently
conducted a systematic review of the associations between sedentary behavior and several
health outcomes (6). The Committee reviewed the scientific evidence on the associations
between sedentary behavior and all-cause mortality, cardiovascular disease mortality, cancer
mortality, type 2 diabetes, weight status, cardiovascular disease and cancer published
through early 2017. Table 1 provides the specific questions addressed by the Committee in
its report.

A single literature search was conducted to answer questions 1, 2, and 3. Subsets of the
resulting body of evidence were used to answer each question and relevant subquestions.
The search strategy included 1) a search for systematic reviews and meta-analyses, 2)
reviewing the original research articles contained in the systematic reviews and meta-
analyses, and 3) a search for more recent original research studies published after the
systematic reviews and meta-analyses. The systematic literature search to address question 4
included 1) a search for systematic reviews and meta-analyses, and 2) a search of more
recent original research studies published after the systematic reviews and meta-analyses.
The evidence used to address question 5 was obtained from the articles retrieved for question
1.

Evidence to inform each question was graded as strong, moderate, limited, or not assignable
based on several grading criteria, including applicability, generalizability, risk of bias/study
limitations, quantity and consistency of results across studies, and magnitude and precision
of effect (See Supplementary Table 1; SDC 1, 2018 Physical Activity Guidelines Advisory
Committee Grading Criteria)(6). Table 2 provides a summary of the relationships and level
of evidence for each health outcome. Overall, there was strong evidence for a direct
association between greater amounts of sedentary behavior and higher risk of mortality from
all-causes and cardiovascular disease, and for higher risk of incident type 2 diabetes and
cardiovascular disease. There was moderate evidence for an association between sedentary
behavior and incident cancer (especially colon, endometrial and lung cancer), and limited
evidence for associations between sedentary behavior and cancer mortality and weight
status. For a detailed summary of the meta-analyses, systematic reviews and original
research studies that contributed evidence to these conclusions, please see the PAGAC
Scientific Report (Part F, Chapter 2) (6). Specific details on each study can be found in the
online supplementary tables (https://health.gov/paguidelines/second-edition/report/
supplementary-material.aspx).

There was strong evidence for the existence of dose-response associations between
sedentary behavior and all-cause mortality, cardiovascular disease mortality, and incident
cardiovascular disease, while there was limited evidence for cancer mortality, incident type 2
diabetes, weight status, and incident cancer. Two meta-analyses were identified that reported
significant dose-response relationships between daily sitting (7), TV viewing (8), and all-
cause mortality. Further, 24 of the 29 original studies that tested for the existence of a dose-
response relationship with all-cause mortality reported statistical significance (6). Two meta-
analyses tested for dose-response associations between sedentary behavior and incident
cardiovascular disease (9, 10). Grontved and Hu (9) reported a significant linear dose-
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response association between TV viewing and incident fatal and nonfatal cardiovascular
disease, while Pandey et al. (10) reported a significant, curvilinear dose-response association
with increasing slope of risk for cardiovascular disease at increasingly higher levels of
sedentary time.

An important subquestion addressed by the Committee was the degree to which the
observed relationships vary by age, sex, race/ethnicity, socioeconomic status, or weight
status. For all outcomes, there was insufficient evidence to inform the degree to which
socioeconomic status was an effect modifier in the associations with sedentary behavior. For
both all-cause and cardiovascular disease mortality, studies generally reported no significant
effect modification by age, sex, race/ethnicity, or weight status. Further age-, sex-, race/
ethnicity-, and weight status-stratified analyses were generally significant in all strata
examined. Evidence was insufficient for other outcomes to determine whether the
relationships varied by these factors.

A bout of sedentary behavior can be operationalized as a period of uninterrupted sedentary
time, whereas a break in sedentary behavior can be operationalized as a non-sedentary bout
in between two sedentary bouts (1). The degree to which bouts and breaks in sedentary
behavior are related to health outcomes is of interest. Unfortunately, there was insufficient
evidence to inform the degree to which bouts and breaks in sedentary behavior are important
factors in the major questions addressed by the Committee. At the time of the review, only
one study was identified that included bouts of sedentary time as a variable in a latent class
analysis prediction of all-cause mortality (11); no studies could be identified for the other
health outcomes. This resulted in a grade of “not assignable” for this subquestion.

The degree to which sedentary behavior and physical activity interact in their associations
with health outcomes was of particular interest to the Committee. There was evidence that
the associations between sedentary behavior and all-cause mortality (strong) and
cardiovascular disease mortality (moderate) vary by level of moderate-to-vigorous physical
activity. The effect of sedentary behavior on all-cause and cardiovascular disease mortality is
stronger among people who have low amounts of moderate-to-vigorous physical activity. In
the meta-analysis of Biswas et al. (12), the summary hazard ratio (HR) for all-cause
mortality associated with sedentary time was 1.16 (95% Confidence Interval (Cl): 0.84—
1.56) among those with high physical activity and 1.46 (95% CI: 1.22-1.75) among those
with low physical activity. Further, Ekelund et al. (13) conducted a harmonized meta-
analysis using individual-level data from more than 1 million adults and reported that
increasingly higher amounts of moderate-to-vigorous physical activity attenuated the
relationships between sedentary behavior and all-cause and cardiovascular disease mortality.
At the highest amounts of moderate-to-vigorous physical activity, the HRs for all-cause
mortality associated with the four levels of sedentary behavior appear to converge at about 1
(reference value). The number of minutes per day needed to achieve this estimated volume
of moderate-to-vigorous physical activity (35.5 MET-hours per week) varies inversely with
the MET value of the activity, ranging from approximately 40 minutes per day at 8 METS to
50 minutes per day at 6 METSs to 100 minutes per day at 3 METs. According to data from
the 2015 National Health Interview Survey, the prevalence of people participating in more
than 300 minutes per week (~ 43 minutes per day) of moderate-to-vigorous physical activity
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is approximately 33%, whereas the prevalence of people participating in more than 700
minutes per week (~ 100 minutes per day) is approximately 11% (2018 PAGAC Scientific
Report, Figure D1 (6, 14)).

Evidence to inform question 5 was largely derived from the meta-analysis of Ekelund et al.
(13). The overall shape of the dose-response relationships between moderate-to-vigorous
physical activity and all-cause mortality are generally similar when stratified by level of
sitting or TV viewing. However, the relative risks are consistently higher in the high sitting
and high TV viewing groups. The reduction in risk of all-cause mortality associated with
moderate-to-vigorous physical activity is relatively greater for those who are the most
sedentary. This is especially apparent at the lower amounts of moderate-to-vigorous physical
activity.

In order to visually describe the joint associations among sedentary behavior, moderate-to-
vigorous physical activity and all-cause mortality, the Committee developed a heat map
figure which depicts the risk of all-cause mortality associated with various combinations of
sitting time and moderate-to-vigorous physical activity (Figure 1). Linear and non-linear
regression techniques were used to interpolate the hazard ratios between four levels of sitting
time and four levels of moderate-to-vigorous physical activity reported in Ekelund et al.

(13). In the heat map, red represents higher risk of all-cause mortality, and green represents
lower risk. The greatest risk of mortality is borne by those who sit the most and who do the
least moderate-to-vigorous physical activity, while the lowest risk of mortality is achieved by
individuals who sit the least and do the most moderate-to-vigorous physical activity.

Methods for Updated Literature Search

This systematic review is reported according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines (15). The systematic review followed an
established protocol, and was registered prospectively at PROSPERO (#CRD42018092817).
Our aim was to update the systematic review conducted by the 2018 Physical Activity
Guidelines Advisory Committee and to additionally examine the association between
changes in sedentary behavior and risk of all-cause mortality.

Literature Search Strategy

We searched the PubMed, Cochrane, and CINAHL bibliographic databases for studies
published in English between January 1, 2017 and February 28, 2018. Two separate searches
were conducted for 1) all-cause, cardiovascular disease and cancer mortality, and 2) type 2
diabetes, weight status, cardiovascular disease and cancer. Our search strategy was similar to
that employed by the 2018 Physical Activity Guidelines Advisory Committee, and included
a comprehensive list of search terms including several combinations of sedentary, sitting,
screen time, television, TV, inactivity, physically inactive, sedentarism, etc., along with
relevant terms to identify the mortality and disease outcomes of interest (see 2018 Physical
Activity Guidelines Advisory Committee Scientific Report (6) for a full list of specific
search terms).
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Study Selection Criteria

The inclusion criteria were pre-defined, and studies were considered potentially eligible if
they were original prospective observational studies, only involved adults aged 18 years and
older, were published in English, and investigated the association between sedentary
behavior and one of the health outcomes of interest. Studies of hon-ambulatory adults,
hospitalized patients, or samples with pre-existing health conditions were excluded. A
sample size of at least 1000 people was required for the mortality outcomes. Two authors
independently reviewed the titles, abstracts and full-text articles, and disagreements about
eligibility were resolved through consensus. Although intervention studies that examine
changes in chronic disease risk factors in response to alterations in sedentary behavior
provide valuable information about potential mechanisms, this type of evidence was beyond
the scope of this review which focused on mortality and non-communicable disease
outcomes.

The systematic search for the mortality outcomes (all-cause, cardiovascular disease, cancer)
identified 780 unique records after duplicates were removed. Of these, 770 were excluded
after a review of the titles and abstracts. Based on full-text reviews, four were excluded for
all-cause mortality, nine were excluded for cardiovascular disease mortality, and nine were
excluded for cancer mortality. One additional study that was relevant for cardiovascular
disease and cancer mortality was identified in the search for disease outcomes, and was
added at this stage. Thus, the final number of eligible studies was seven for all-cause
mortality, two for cardiovascular disease mortality, and two for cancer mortality (See
Supplementary Figure 1, SDC 2, article selection process for mortality studies). The
systematic search for disease outcomes identified 922 unique records after duplicates were
removed. Of these, 910 were excluded after a review of the titles and abstracts. Based on
full-text reviews, an additional five studies were excluded, leaving a total of two studies of
type 2 diabetes, one study for weight status, and four studies for incident cancer; no studies
were identified for incident cardiovascular disease (See Supplementary Figure 2, SDC 3,
article selection process for incident condition studies).

Data Extraction and Quality Assessment

The following information was extracted from each eligible article: name of the first author,
year of publication, study sample, sample size, age (range or mean), definition of sedentary
behavior, dates and length of follow-up, risk estimates with corresponding 95% confidence
interval (Cl)s comparing levels of sedentary behavior, and whether the study tested and
reported a dose-response association. If a study provided several risk estimates, we used the
fully adjusted estimate. Extraction of data was performed by one author, and the resulting
table was checked by another author.

Quality assessment and risk of bias in the eligible studies was done using the USDA
Nutrition Evidence Library (NEL) Bias Assessment Tool (BAT)(16). The NEL BAT uses a
domain-based evaluation to help determine whether any systematic error exists that could
either over- or underestimate the study results. Selection, performance, detection, and
attrition bias are addressed in the NEL BAT. The results of studies’ risk of bias assessments
were used to develop a risk of bias summary chart (see Supplementary Table 2, SDC 4,
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original research bias assessment chart). The NEL BAT assessment was performed by one
author, and the resulting table was checked by another author.

Results

Study Characteristics

The main characteristics of the eligible studies identified in the updated search are presented
in Table 3 for all-cause, cardiovascular disease and cancer mortality, and in Table 4 for
incident type 2 diabetes, weight status, incident cardiovascular disease and incident cancer.
All studies used prospective cohort designs, with follow-up periods ranging from 2.3 t0 19.4
years. The sedentary exposures varied across studies: five studies used self-reported sitting
time (17-21), seven studies used self-reported TV viewing time (17, 18, 22-26), and five
studies used accelerometer-derived estimates of sedentary time (27-31). All studies included
an estimate of duration of sedentary behavior (sedentary time) as an exposure, while three
studies also included a marker of bouts or breaks in sedentary time as an exposure (27-29).

Mortality Outcomes

Seven studies reported on the association between sedentary behavior and all-cause
mortality (Table 3) (21, 23, 24, 27, 29-31). Six of the studies reported a statistically
significant association (21, 23, 24, 27, 29, 31). For example, an analysis from the Women’s
Health Initiative reported a significant (p<0.05) association between self-reported daily
sitting time and all-cause mortality (odds ratio for dying before age 85 for =10 h/day versus
<5 h/day = 1.16 (95% CI: 1.04-1.29)) over 13.7 years of follow-up (21). Two additional
studies, one from the United Kingdom and one among African Americans, demonstrated
significant associations between daily TV viewing and all-cause mortality (23, 24). Hamer et
al. reported a HR for all-cause mortality of 1.98 (95% CI: 1.25-3.15) comparing =6 h/d
versus <2 h/d of TV viewing (23), while Imran et al. reported a HR for all-cause mortality of
1.48 (95% Cl: 1.19-1.83) comparing =4 h/d < 2 h/d of TV viewing (24). Three studies that
used accelerometer-derived estimates of sedentary time as the exposure reported a
significant association with all-cause mortality (27, 29, 31), while one did not (30). The
three positive studies were in samples of US and UK adults and had follow-up period
ranging from 4.0 to 6.5 years, whereas the negative study was conducted among older US
women (mean age = 72 y), with a mean follow-up time of 2.3 y (Table 3). Among the three
positive studies, Diaz et al. (27) and Jefferis et al.(29) reported HRs of 2.63 (95% CI: 1.60—
4.30) and 2.73 (95% CI: 1.50-4.95), respectively, for the upper versus lowest quartiles of
sedentary time, while Theou et al.(31) reported a HR of 1.15 (95% CI: 1.11-1.20) per each
additional hour of sedentary time.

In addition to total duration of sedentary behavior, two studies examined the effects of bouts
or breaks in sedentary behavior in relation to all-cause mortality (27, 29). Diaz and
colleagues reported a significant association (p for trend <0.001) between bout duration and
all-cause mortality in US adults, and participants classified as both highly sedentary (=12
h/d) and with high bout duration (=10 min/bout) had the highest risk of death (27). On the
other hand, Jefferis and colleagues reported that neither breaks in sedentary behavior nor
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sedentary bout duration were related to all-cause mortality in a sample of older men (ages
71-92 y) from the UK (29).

Two studies reported on the association between sedentary behavior and cardiovascular
disease mortality (22, 23). Grace and colleagues reported a significant association between
TV viewing and cardiovascular disease mortality among smokers (but not non-smokers)
after adjustment for age and sex in the Australian Diabetes, Obesity and Lifestyle Study
(AusDiab) (22). However, this association was no longer significant after the inclusion of
additional covariates in the model. On the other hand, Hamer and colleagues reported a
multivariable-adjusted HR of 1.22 (95% CI: 1.00-1.49) per standard deviation of daily TV
viewing for cardiovascular disease mortality in the English Longitudinal Study of Ageing
(23).

Two studies reported on the association between sedentary behavior and cancer mortality
(22, 23). Hamer and colleagues reported a non-significant HR of 1.16 (95% CI: 0.96-1.39)
per standard deviation of daily TV viewing for cancer mortality in the English Longitudinal
Study of Ageing (15). Results from the AusDiab study indicated a significant association
between TV viewing and cancer mortality among smokers (p for trend = 0.02) but not
among non-smokers (p for trend = 0.52) (22).

A total of six of seven studies reported a dose-response association between sedentary
behavior and all-cause mortality (Table 3). Only one of two studies of cardiovascular disease
mortality and one of two studies of cancer mortality reported dose-response associations.
Few studies formally tested for interactions between sedentary behavior and demographic
characteristics on mortality outcomes; however, Rillamas-Sun et al. reported no interaction
by race/ethnicity on all-cause mortality in the Women’s Health Initiative (21). Diaz and
colleagues reported that the positive associations of sedentary time and bout duration with
all-cause mortality did not vary by age, sex, race, BMI or moderate-to-vigorous physical
activity (27). Further, Imran et al. reported that in African Americans the results were similar
when they excluded those with high and low BMI, those with low leisure physical activity,
and those without a high school diploma (24). Theou and colleagues reported a significant
association between accelerometer-derived sedentary time and all-cause mortality in
NHANES; the association was statistically significant in physically inactive adults but not in
physically active adults (31).

Diseases and Conditions

Two studies were identified that examined the association between sedentary behavior and
incident type 2 diabetes (17, 25). Stamatakis and colleagues reported a significant
association of TV sitting and total sitting with incident diabetes in UK adults enrolled in the
Whitehall Il study in models adjusting for several covariates, but the results were attenuated
and were no longer significant after adjustment for BMI (17). Joseph and colleagues
reported no associations between self-reported TV viewing and incident diabetes in African
American adults in the Jackson Heart Study, both before and after including BMI as a
covariate (25).
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A single study was identified that examined the association between sedentary behavior and
weight status (28). Among adults in the CARDIA Study, there was no association between
total duration of sedentary behavior and 5-year changes in BMI or waist circumference.
However, each additional hour of sedentary time accumulated in bouts of greater than or
equal to 10 min was associated with greater gain in BMI (p = 0.033) and waist
circumference (p = 0.028) (Table 4).

Four studies were identified that addressed the association between sedentary behavior and
incident cancer: two studied colorectal cancer (18, 19), one studied breast cancer (20), and
one studied ovarian cancer (26). Neither of the two studies of colorectal cancer reported a
significant effect of sedentary behavior (TV viewing or sitting time) on cancer incidence
(Table 4). Nomura and colleagues reported no significant association between sedentary
behavior and incident breast cancer in post-menopausal US women in the Women’s Health
Initiative Observational Study (20). On the other hand, Ukawa and colleagues reported that
Japanese women who watched TV for greater than or equal to 5 h/day were more likely to
develop ovarian cancer than those who watched TV for less than 2 h/day (HR 2.15; 1.54—
2.99). Two studies tested for interactions, and reported no interactions between sedentary
behavior and race/ethnicity, age, hormone receptor status, BMI, weight gain since age 18,
waist circumference, waist-to-hip ratio, employment status or physical activity (19, 20).

A total of six of the seven studies of sedentary behavior, disease incidence or weight status
tested for dose-response associations (17-20, 25, 28). Only Barone-Gibbs and colleagues
reported significant dose-response associations - between sedentary time and weight status
(BMI and waist circumference) (28).

Changes in Sedentary Behavior and Risk of Mortality

We identified several papers from the original systematic review search (32—35) and the
updated search (36) that addressed changes in sedentary behavior over time and risk of
mortality (n = 4 for all-cause mortality, n = 1 for cardiovascular disease mortality) (Table 5).
In each of the studies, mortality rates were compared across categories of changes in sitting
time (consistently sedentary, increased or decreased sedentary time, or consistently non-
sedentary). Changes in sedentary time were evaluated over approximately 2 to 11 years, and
the mean or median follow-up time for mortality surveillance ranged from approximately 5
to 9 years following the second assessment of sedentary behavior. In all studies, the risk of
mortality was significantly lower in those who were consistently non-sedentary over time,
compared to those who were consistently sedentary. In general, those who decreased
sedentary behavior over time had an intermediate risk of mortality, compared to those who
were consistently sedentary or non-sedentary. Three studies reported lower risk of mortality
associated with increased sedentary behavior over time, compared to those who were
consistently sedentary (32, 33, 36); while two studies reported an increased risk of mortality
among those who increased sedentary behavior over time, compared to those who were
consistently sedentary (34, 35). It is plausible that using two measurements of sedentary
behavior over a period of time may be a better marker of long-term levels of sedentary
behavior rather than a measure of precise changes over time given the self-reported nature of
the data. Two concordant responses may classify participants more accurately than two
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discordant responses over time, making the later more susceptible misclassification and
inconsistent findings.

Discussion

The results from the updated search provide further evidence of an association between
sedentary behavior and all-cause mortality. Further, the new results from studies of changes
in sedentary behavior and mortality suggest that individuals who maintain sedentary
behavior over time have the highest risk of mortality, those with sustained low levels of
sedentary behavior have lowest risk, and those who report changes in sedentary behavior
have an intermediate mortality risk. The updated results obtained for cardiovascular disease
mortality (22, 23) do not alter the strength of evidence for the strong association with
sedentary behavior. Although Grace and colleagues did not find a significant multivariable-
adjusted association between TV viewing and cardiovascular disease mortality when the
AusDiab sample was stratified by smoking status (22), these results are in contrast with an
earlier report from that cohort that reported a HR of 1.80 (1.00-3.25) between high amounts
of TV viewing (=4 h/d versus <2 h/d) and cardiovascular disease mortality in the full sample
(8). The smaller sample size and small number of events in the sub-group analyses likely
contributed to the non-significant results. The two new studies identified for cancer mortality
(22, 23) do not alter the conclusion of the Committee that the evidence for an association
between sedentary behavior and cancer mortality is limited. Associations between sedentary
behavior and cancer mortality are affected by cancer screening and treatment availability and
efficacy. A limitation of most studies is a failure to take these factors into account.

Similar to the results of previous studies on the association between sedentary behavior and
type 2 diabetes, the observed associations in the updated review are not statistically
significant in fully-adjusted models where BMI is included as a covariate (17, 25). The
effects of sedentary behavior on risk of type 2 diabetes may be operating, in part, through its
association with BMI; however, whether or not BMI is in the causal pathway between
sedentary behavior and type 2 diabetes is not known. The extent to which sedentary behavior
and BMI represent independent risk factors will require further research to disentangle the
effects of BMI and sedentary behavior on risk of incident disease, especially type 2 diabetes.

Strong evidence demonstrates that the association between sedentary behavior and all-cause
mortality is more pronounced among physically inactive people. In addition, individuals
who are highly sedentary appear to require higher amounts of physical activity to achieve the
same level of absolute mortality risk as those who are less sedentary (37). Therefore,
moderate-to-vigorous physical activity should be part of every adult’s lifestyle, especially
for those who are sedentary for large portions of the day. These results also illustrate the
need to individualize and tailor lifestyle recommendations for maximum benefit to the
individual, which will in turn will have a greater impact on population health. Further, the
finding that the association between physical activity and health varies by level of sedentary
behavior also highlights the importance of integrating sedentary behavior and physical
activity guidelines
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U.S. adults spend a large portion of each day engaging in sedentary behavior (3). Therefore,
limiting excessive time spent sitting would reduce the population health impact associated
with premature mortality and several major chronic diseases such as type 2 diabetes,
cardiovascular disease, and several cancers. For physically inactive adults, replacing
sedentary behavior with light intensity physical activities is likely to produce some health
benefits; however, among all adults, replacing sedentary behavior with higher intensity
physical activities may produce even greater benefits (38—41). The updated systematic
review identified several new papers addressing the relationship between sedentary behavior
and health outcomes. However, the new studies did not provide results that would change the
levels of evidence that addressed the Committee’s questions.

Several research recommendations were generated by this work. As described in the
introduction, the current consensus definition of sedentary behavior has both an energy
expenditure component (< 1.5 METS) and a postural component (sitting, reclining or lying)
(1). There is a pressing need to develop objective field methods to simultaneously assess
these two components of the definition that can be applied in both surveillance and research
settings in order to properly quantify time spent in sedentary behavior. Analysis strategies to
identify different bout lengths as well as breaks in sedentary behavior vary among studies
and is also an important area for future research. Further, research using prospective cohorts
is required 1) on the interactive effects of physical activity (especially light intensity activity)
and sedentary behavior on mortality and incident CVD, 2) on the role of bouts and breaks in
sedentary behavior in relation to mortality and other health outcomes, and 3) on
disentangling the independent effects of sedentary behavior and adiposity on risk of type 2
diabetes, and the degree to which adiposity may be in the causal pathway in this association.
Further research is also required to determine how sex, age, race/ethnicity, socioeconomic
status, and weight status relate to the association between sedentary behavior and
cardiovascular disease incidence and mortality. Finally, randomized controlled trials are
required to test the health effects of interventions to replace time spent in sedentary
behaviors with standing and light, moderate, and vigorous intensity activity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Joint associations of sitting time and moderate-to-vigorous physical activity with risk of all-

cause mortality. From the 2018 Physical Activity Guidelines Advisory Committee Scientific
Report (6), and based on data presented by Ekelund et al. (13).
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