£ 3 AIMS Medical Science, 7(1): 10-39.
AIMS Medical Science DOI: 10.3934/medsci.2020002
Received: 07 January 2020
Accepted: 12 February 2020
Published: 11 March 2020

http://www.aimspress.com/journal/medicalScience

Review

Sedentary behavior and health outcomes in older adults: A systematic

review

Wendell C. Taylor'*, Kevin Rix?, Ashley Gibson’ and Raheem J. Paxton*
1 Institute for the Medical Humanities, Department of Preventive Medicine and Population Health,
The University of Texas Medical Branch, Galveston, TX, USA

Department of Health Promotion and Behavioral Sciences, School of Public Health, The University
of Texas Health Science Center at Houston, Austin, TX, USA

Department of Graduate Studies, Cizik School of Nursing, The University of Texas Health Science
Center at Houston, Houston, TX, USA

Department of Community Medicine and Population Health, Institute for Rural Health Research,
University of Alabama, Tuscaloosa, AL, USA

* Correspondence: Email: wetaylor@utmb.edu.

Abstract: Introduction: Older adults (> 60 years old) report prolonged periods of sedentary behavior.
Sedentary behavior is a potential health hazard for this priority population. Therefore, we
systematically reviewed the published literature to document the relationships among sedentary
behaviors and twelve health outcomes ranging from mental health to mortality. Methods: Major
databases were searched from 2013 to 2019; 27 relevant articles were found and evaluated. In addition,
we compared our findings to a previously published review. Results: Higher levels of sedentary
behavior were related to an increased risk of all-cause mortality and adversely associated with
metabolic  syndrome, triglycerides/high density lipoprotein  cholesterol/blood  glucose,
HBA1C/glucose intolerance, waist circumference, and obesity/overweight when compared to those
with lower levels of sedentary behavior. Findings for blood pressure, cancer, and mental health (e.g.,
dementia, mild cognitive impairment, psychological well-being) were insufficient to draw conclusions
or had inconsistent results. Because some sedentary behaviors were protective for mental health, we
recommend a taxonomy of sedentary behaviors for older adults to provide insights into these
seemingly discrepant findings. Some of our findings were similar to a prior review while other findings
were different. Conclusion: This systematic review identified the health outcomes that were
sufficiently, insufficiently, or not affected by sedentary behavior. To advance the field, we recommend
better methodological quality. To improve the overall health and wellbeing of older adults, future



11

studies should evaluate interventions to decrease health-compromising and increase health-promoting
sedentary behaviors among older adults.

Keywords: sedentary behavior; health; elderly; older adults; physical inactivity

1. Introduction

It has been estimated that by 2050 older adults (= 60 years old) will comprise 22% of the world’s
population [1]. Older adults face significant challenges related to their social, emotional, and physical
health as well as other challenges such as ageism and life transitions (e.g., retirement and grandparent
status) not experienced by younger people. Accelerometer data for older adults in the United States
indicate that they engage in greater amounts of sedentary behavior than any other age group [2].
Globally, similar results have been reported (in more than 60 countries), whereby older adults are more
likely to report sitting for four or more hours per day greater than any other age group [3].

Despite the findings that older adults report more sedentary behavior than other age group, they
are underrepresented in studies examining health outcomes associated with sedentary behavior. The
most recent Physical Activity Guidelines Report found limited data about the relationship between
sedentary behavior, age, and mortality outcomes [4]. Furthermore, there was insufficient evidence
about sedentary behavior and age related to cardiovascular disease, type 2 diabetes, and cancer [4].
Therefore, more studies are needed to clarify the relationship between sedentary behaviors and health
outcomes in older adults.

In the general population, sedentary behavior has been identified as a risk factor independent of
physical activity [5-8]. A central concern is the extent to which sedentary behavior affects the well-
being of older adults. To address this issue, there is a need for studies that systematically and
comprehensively review the literature. In a narrative review, measurement of sedentary behavior was
evaluated, specific associations of sedentary time with geriatric-relevant health outcomes were
presented, and interventions that target reducing sedentary time in older adults were analyzed; six
health outcomes were reviewed [9]. To our knowledge, there has been only one comprehensive,
systematic review of sedentary behavior and multiple health outcomes in older adults. In 2014, de
Rezende et al [10] reported the associations between sedentary behaviors and twelve health outcomes
in older adults: mortality, metabolic syndrome, cardiometabolic biomarkers, triglycerides, HDL
cholesterol, blood pressure, plasma glucose/ Hb1Ac/ glucose intolerance, cholesterol ratio and total,
other cardiometabolic biomarkers, waist circumference/waist-to-hip ratio/abdominal obesity,
overweight/obesity, and cancer [10]. While this review was comprehensive, in the past six years,
additional studies have been published; an update of this review is needed to advance the field.
Therefore, the objectives of this systematic review were to: (1) assess the relationship among sedentary
behaviors and twelve health outcomes in older adults; (2) compare our findings to previous reviews;
and (3) present recommendations to advance the field.
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2. Methods
2.1. Definition of sedentary behavior

Sedentary behavior is operationalized as any activity engaged in while sitting including leisure
and occupational time. In addition, sedentary behavior is defined as any waking behavior accounting
for energy in the range of 1.0 to 1.5 metabolic equivalents while in a sitting or reclining position [4,11].
Sedentary behaviors include television viewing and computer use [11].

2.2. Ethical considerations

In our study, there was no contact with human participants; therefore, this research was exempt
from Institutional Review Board approval.

2.3. Data collection

We updated the 2014 review [10], which identified articles up to May of 2013. Therefore, we
searched articles from 2013 to June 2019 (six years). Similar to the search strategy of the prior
review [10], the following databases were used with the assistance of a professional librarian: Medline,
Web of Science, PsycINFO, and Cumulative Index to Nursing and Allied Health Literature (CINAHL).
Because of access issues, we did not search the following databases identified in the 2014 review:
Excerpta Medica (EMBASE), SPORTDiscus, Literatura Latino-Americana e do Caribe em Ciéncias
da Saude (LILLACS), and Sedentary Behavior Research Database (SBRD). However, to extend and
expand our search, we added the following databases not included in the prior review: PubMed, Google
Scholar, Scopus, and Academic Search Premier. We chose outcomes that were most relevant for
people 60 years and older which included the outcomes chosen in the previous review [10]. Our
objective was to capture “geriatric-relevant health outcomes” [9].

As in the previous review [10], the same search keywords were used: “exposures (sedentary
behavior, sedentary lifestyles, sitting time, television reviewing, driving, screen-time, video game, and
computer); primary outcomes (mortality, cardiovascular disease, cancer, type 2 diabetes mellitus); and
secondary outcomes (accidental falls, frail elderly, obesity, metabolic syndrome, mental disorders,
musculoskeletal diseases)” . Studies that were excluded: review articles, studies with adults younger
than 60 years of age, and descriptive data only studies. In two subsections, there were no recent
empirical data. To fill this gap and to provide a context, two systematic reviews/meta-analyses were
cited as exceptions to our exclusion criteria.

2.4. Data extraction and quality assessment

Data from eligible articles were extracted by one author and reviewed independently by a second
author. The tables present: Author(s), Year, Title, Journal, Hypotheses/Study Aims, Research Design,
Sample Size, Ages, Country, Measures, Primary Findings, Limitations, and Strengths.

Because of its credibility and reputation of having “state of art” and “gold standard” assessments,
we rated each article based on the U.S. Department of Health & Human Services, National Institutes
of Health, Study Quality Assessment Tools [12]. Each research design had a specific assessment tool
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to evaluate quality assessment. The research designs were controlled intervention studies (14
questions), systematic reviews and meta-analyses (8 questions), observational cohort and cross-
sectional studies (14 questions), case-control studies (12 questions), before-after (pre-post) studies
with no control group (12 questions), and case series studies (9 questions). For each category, the
response choices were yes, no, or other (e.g., CD, cannot determine; NA, not applicable; NR, not
reported). To ensure accurate reporting, each design was accompanied by a document called “guidance
for assessing the quality”. This document provided guidelines, rules, and tips to answer specific
questions for each research design. The final quality ratings were Good, Fair, or Poor. One of the
coauthors rated each study independently. All coauthors rated the same study for consensus if there
were concerns or ambiguity about any ratings.

2.5. Final selection of articles

As described in Figure 1, the search started with 10,591 potentially relevant articles. After
screening articles for duplicates, review articles, meta-analyses, not relevant areas of interest, and other
reasons, 27 articles were reviewed and described. Articles are presented in Tables 1 to 9. In the 2014
review, 23 articles met the inclusion criteria [10].

Articles-identified-
through-database-
searches
{n=10,591)

l

Articles-afterthe-

removal-of-
duplicates
{n=8,129)
Articles-screened Articles-excluded
- .
(n=2,4632) {n=2,336)

l

Full-text-articles-
assessed-for-

Full-text-articles-excluded:
with-reason-(i.e.-
- —® systematic-reviews,-meta-
eligibility :
analysis,-non-area-of-
(n=78]) ;
interest)

l (n=49)

Articles-included-in-review
(N=27)

Figure 1. Flowchart outlining study selection of articles.
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3. Results
3.1. Mortality (Table 1)

All-cause mortality is the most severe outcome associated with sedentary behavior. Across all
studies, there was a consistent association between sedentary behavior and mortality [13]. Six
prospective cohort studies were identified. In one prospective cohort of Spanish older adults, those
who were consistently non-sedentary had a lower hazard ratio (HR = 0.74, 95% confidence ratio (CI)
=0.62-0.90) for mortality than those who were consistently sedentary [14]. Studies conducted in both
older men and women yielded similar results with respect to mortality risk. Ensrud et al. [15] found
that older men who were in the highest quartile of sedentary behavior had a higher risk for all-cause
mortality (HR = 1.51, 95% CI: 1.10-2.08) when compared to those in the lowest quartile. Similarly,
in a sample of Australian women, there was a dose response relationship between sitting and those
who were not meeting physical activity guidelines [16]. In particular, the risk for mortality increased
for non-active women who reported 8 or more hours of sedentary time (i.e., for 8 to 11 hours OR =
1.31 and for > 11 hours OR = 1.47) when compared to those who sat less than 4 hours per day (p <
0.05). Similarly, in a sample of British men, each additional 30 minutes of sedentary behavior
increased the risk for mortality (HR = 1.17 95% CI; 1.10 to 1.25 p < 0.05) [17]. Conversely,
Klenk et al. [18] found that the association between sedentary behavior and mortality diminished after
adjustments for several biomarkers (HR =2.05 95% CI: 1.13, 3.73 p <0.05). Furthermore, in a sample
of older adults from Spain, being in the highest quartile for sedentary behavior increased the risk for
mortality due to inflammatory (HR =1.49 95% CI: 1.08, 2.06) and non-infectious inflammatory causes
(HR =1.59 95% CI: 1.08, 2.33) [19]. However, these models became non-significant when adjusting
for physical activity. In examining patterns of physical activity and sedentary behavior together, high
levels of sedentary behavior (> 7 hours per day), regardless of physical activity levels were associated
with mortality from inflammatory (HR = 1.68 95% CI: 1.19, 2.37) and non-infectious inflammatory
causes [19].

3.1.1.  Our findings compared to the 2014 review for mortality

In our review, we identified six prospective cohort studies and Rezende et al. 2014 [10] described
four prospective cohort studies. The findings are remarkably similar. For older adults, sedentary
behavior (particularly sitting) six or more hours per day was consistently related to all-cause mortality.
In the studies, the thresholds for sedentary behavior/sitting time ranged from 6, 8, 8 to 11, and 11 or
more hours per day.
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Table 1. Mortality, sedentary behavior, and older adults (references from 2013-2019).

Reference Hypotheses/ Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Study Aims Sample Size, Ages,
Journal Country

Cabanas-Sanchez, Guallar-
Castillon et al., (2018);
Physical activity, sitting time
and mortality from
inflammatory disease in older
adults. Frontiers in Physiology

Ensrud, Blackwell, Cauley et
al., (2014); Objective measures
of activity level and mortality
in older men. Journal of the
American Geriatrics Society

Jefferis, Parsons, Sartini et al.,
(2018); Objectively measured
physical activity, sedentary
behavior and all-cause
mortality in older men: Does
volume of activity matter more

Study focused on
infectious and non-
infectious
inflammatory causes.

Study focused on
developing objective
measures of activity
level for older adult
men, related to all-
cause mortality.

To examine the
association between
accelerometer
determined sedentary
behavior, physical
activity, and all-cause

Prospective Cohort
study (N = 3,667)

Men and women ages
60 years and older in
Spain

Prospective Cohort
study (N =2,918)

Men ages 71 years and
older in the United
States

Prospective Cohort
study (N = 1,655)
Men ages 71-92years
old in the United
Kingdom

Sedentary data were
self-reported.
Mortality identified
using the National
Death Index.

Accelerometer
determined sedentary
behavior (ACTi
Graph)

Deaths confirmed via
death certificate and
follow-up calls.

Accelerometer
determined sedentary
behavior (ACTi
Graph)

National database

In nonlinear models, those who were
sedentary > 7 hours per day had a
higher mortality risk for total
inflammatory and non-infectious
inflammatory causes. Relationships
were stronger for those who were the
least active.

In adjusted models, men in the highest
quartile for sedentary time had a higher
risk for all-cause mortality. Subsequent
analysis indicated that time spent
sedentary was associated with non-
cancer and non-CVD deaths.

In adjusted models, those in the highest
quartile for sedentary time had a higher
risk for all-cause mortality when

compared to men in the lowest quartile.

Sedentary time and
physical activity
were self-reported.

No dietary data
were collected.
Inflammatory
disease definition
may not encompass
all related
conditions.

Associations for
women or racial
and ethnic minority
populations not
determined

No measure of
postural allocation
Associations for
women or racial
and ethnic minority
populations not

Prospective cohort
study

Spanish population

National database
to confirm deaths

Focus on mortality
due to
inflammatory and
non-inflammatory
causes

Objective
assessment of
behavior

Cohort study

Disease specific
mortality

Prospective cohort
study.

An objective
measure of
sedentary behavior

than pattern of accumulation? mortality confirmed mortality determined
Br J Sports Med
Continued on next page
AIMS Medical Science Volume 7, Issue 1, 10-39.
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Reference Hypotheses/ Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Study Aims Sample Size, Ages,
Journal Country
Klenk, Dallmeier, Denkinger et ~ This study examined Randomly and Physical activity Sedentary duration association between  Limited follow-up Use of ActivePAL
al., (2016); Objectively the effect of walking geographically levels were sedentary time and mortality diminished  period to measure
measured walking duration and  and sedentary time on  selected cohort of accelerometer in fully adjusted models. sedentary behavior
sedentary behavior and four- mortality. older adults in determined sedentary Slower walking
year mortality in older people. Germany (N = 1,271) behavior (ActivPAL) speeds may have
Plos ONE aged 65 years or different outcomes

greater. Mortality determined

Leon-Munoz, Martinez-Gomez,
Balboa-Castillo et al., (2013);
Continued sedentariness,
change in sitting time, and
mortality in older adults. Med
Sci Sports Exerc

Pavey, Pecters, Brown (2015);
Sitting-time and 9-year all-
cause mortality in older
women. Br J Sports Med

To examine the
association between
continued sedentary
time and changes in
sedentary time with
mortality

This study looked at
the relationship
between total sitting-
time and all-cause
mortality in older
women.

Prospective Cohort (N
=2,635) of adults
aged 60 years and
older.

Prospective cohort
study (N = 6,656) of
Australian Women
ages 76-90.

via local registration
offices

Self-reported
sedentary time in
different activities

National Death Index
confirmed deaths

Self-reported
questionnaires

Mortality data
confirmed by the
Australian National
Death Index.

Those who were consistently sedentary
had higher mortality rates when
compared to those who were newly
sedentary, formally sedentary, and
consistently non-sedentary.
Associations maintained in different
SES strata.

In fully adjusted models there was a
dose-response relationship between
time spent sitting and mortality.
However, only the p-value for the trend
was significant.

Self-reported
questionnaires
Other factors may
be related to
mortality

Other factors may
be related to
mortality.

Self-reported
questionnaires

Prospective cohort
study

Mortality
confirmed via
National Death
Index.

Analysis in
different SES strata
Confirmed morality
data

Prospective cohort
design
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3.2. Metabolic Syndrome (Table 2)

Metabolic syndrome increases the risk of future chronic health conditions and premature
mortality. Evidence from cross-sectional studies, longitudinal studies, and randomized controlled trials
suggest that sedentary time, moderate-to-vigorous physical activity, and cardio-respiratory fitness are
important predictors of various cardio-metabolic risk factors [20]. The main finding was that total daily
time spent in sedentary behaviors was associated with increased odds of having metabolic syndrome
without accounting for effect modifiers [20]. Evidence showed a 9% increase in the odds of having
metabolic syndrome with each additional hour of sitting time. Findings showed a 58% (OR 1.58; 95%
CI 1.01, 2.48) increased odds of metabolic syndrome when comparing the highest (> 9.49 h) and the
lowest (< 6.70 h) quartiles [20].

3.2.1.  Our findings compared to 2014 review for metabolic syndrome

In our review, we identified two studies published in 2015 related to sedentary behavior and
metabolic syndrome. Rezende et al. described four studies [10]. The findings indicated that sedentary
behavior is adversely and consistently related to metabolic syndrome.

3.3. Triglycerides/HDL cholesterol/ Blood Glucose (Table 2)

One study found statistically significant interactions between sedentary behavior and moderate-
to-vigorous intensity physical activity for triglycerides (p = 0.04), HDL-cholesterol (p = 0.01), fasting
blood glucose. In addition, there were increased odds of having low HDL-cholesterol with each hour
of sedentary behavior time for those who accumulated 150-300 and > 300 min/week of moderate-to-
vigorous intensity physical activity, respectively [21]. Similarly, increased odds of 13% were found
(OR 1.13; 95% CI 1.01, 1.26) for having high fasting blood glucose with each hour of sedentary time
for those who accumulated > 300 min/ week of moderate-to-vigorous intensity physical activity [21].
Each minute spent in sedentary behavior was significantly associated with reductions of 0.03 mmHg
(95%CI: —0.05; —0.01) in systolic blood pressure and reductions of 0.02 mg/dL (95%CI: —0.02; —0.01)
in HDL-cholesterol [22]. Beneficial associations of moderate-to-vigorous intensity physical activity
and HDL (B = 0.10; 95%CI: 0.01; 0.18) and plasma glucose (f = —0.18; 95%CI: —0.33; —0.02) were
observed [22]. Similarly, moderate-to-vigorous intensity physical activity was associated with higher
levels of HDL (B = —0.35; 95%CI: 0.14; 0.54), but it was not related to the other cardiovascular risk
markers [22]. In a randomized, sedentary behavior reduction trial, Aadahl et al. [23] found that the
intervention condition experienced greater improvements in insulin (=5.9 pmol/L, p = 0.03), insulin
resistance (—0.28, p = 0.03), and waist circumference (—1.42 cm, p = 0.01) when compared to the
control condition participants.

AIMS Medical Science Volume 7, Issue 1, 10-39.
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Table 2. Cardio-metabolic markers, cholesterol ratio and total, metabolic syndrome, triglycerides, HgA1C, sedentary behavior, and older

adults (References from 2013-2019).

Reference Hypotheses/Study Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Aims Sample Size, Ages,

Journal Country

Ekblom, O., Ekblom-Bak, E., Examine the Random stratified sample ~ Accelerometer determined In adjusted models, the highest Cross-sectional design ~ Adjusted for

Rosengren, A., Hallsten, M.,
Bergstrom, G., Borjesson, M.,
& Lazzeri, C. (2015);
Cardiorespiratory fitness,
sedentary behavior and physical
activity are independently
associated with the metabolic
syndrome, Results from the
SCAPIS Pilot Study. PLoS
ONE

Joseph, J., Echouffo-Tcheugui,
J., Golden, S., Chen, H., Jenny,
N., Carnethon, M., Bertoni, A.
(2016); Physical activity,
sedentary behaviors and the
incidence of type 2 diabetes
mellitus: The Multi-Ethnic
Study of Atherosclerosis
(MESA). BMJ Open Diabetes
Research & Care

association
between sedentary
behavior and
metabolic
syndrome

Examine the
association
between sedentary
behavior and
diabetes

of adults aged 50 to 65
years living in Sweden (N
=1111)

Prospective cohort (N =
5829) of men and women
from the United States
aged 45-84 years old

sedentary behavior

Serum samples used to detect
metabolic syndrome

Incident type II diabetes
determined by fasting glucose

Self-reported sedentary time

quartile for sedentary time had
higher odds for metabolic
syndrome when compared to the
first quartile. Sedentary time
increased the odds of a larger
waist circumference and higher
triglyceride, and HDL cholesterol
levels.

In adjusted models, both
television time and total sedentary
behavior increased the odds for
type II diabetes. Possible effect
modification by family history of
diabetes, race, and BMI were
observed.

Possibility of multi-
collinearity

Physical activity and
sedentary behaviors
were self-reported,
and the time frame
queried was their
typical activities
within the last month.
Therefore,
discrepancies with
actual activity levels
may exist and self-
reported sedentary
behavior

dietary intake
and fitness

Accelerometer
determined
sedentary
behavior

Random
stratified sample

Multiethnic
population

Serum-based
biomarkers

AIMS Medical Science

Continued on next page
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Reference Hypotheses/Study Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Aims Sample Size, Ages,

Journal Country

Wirth, K., Klenk, J., Brefka, S.,  Patho-mechanisms  Electronic databases were =~ Randomized controlled trials The final sample (26 articles) 63 First, we identified The highlighted
Dallmeier, D., Faehling, K., of sedentary searched (MEDLINE, found a positive correlation biomarkers were detected. Most relatively few high results of the four
Roqué, M., Denkinger, M. behavior (SB) are = EMBASE, CINAHL, for SB with BMI, neck investigated markers were body quality or longitudinal ~ “risk population”
(2017); Biomarkers associated unclear. We AMED) up to July 2015 circumference, fat mass, mass index (BMI, n = 15), waist studies investigating studies showed

with sedentary behavior in
older adults: A systematic
review. Ageing Research
Reviews

Figueiro, T. H., Arins, G.,
Santos, C., Cembranel, F.,
Medeiros, P. A., d'Orsi, E., &
Rech, C. R. (2019); Association
of objectively measured
sedentary behavior and physical
activity with cardiometabolic
risk markers in older adults.
Plos ONE

conducted a
systematic review
to investigate the
associations
between SB and
various
biomarkers in
older adults.

Examine the
association
between sedentary
behavior and
cardiometabolic
markers

to identify studies with
objective or subjective
measures of SB, sample
size > 50, mean age >
60years and
accelerometer wear time
> 3days. Methodological
quality was appraised
with the CASP tool.

Cross-sectional study of
Brazilians adults (N =
425) aged 60 years and
older

HbA1C, cholesterol and
insulin levels, cohort studies
additionally for waist
circumference, leptin, C-
peptide, and low-density
lipoprotein and a negative
correlation for HDL.

Accelerometer determined
sedentary behavior

Waist circumference, blood
pressure, and plasma-based
cardio-metabolic markers

circumference (WC, n = 15),
blood pressure (n=11),
triglycerides (n = 12) and high-
density lipoprotein (HDL, n =
15). Some inflammation markers
were identified such as
interleukin-6, C-reactive protein
or tumor necrosis factor alpha.
There was a lack of renal, muscle
or bone biomarkers.

Sedentary behavior negatively
and linearly associated with
systolic blood pressure and HDL
cholesterol. Physically inactive
and sedentary individuals had
greater waist circumference and
lower HDL cholesterol levels
than active, non-sedentary
subjects.

biomarkers
specifically in older
adults. Therefore, we
were not able to
conduct a meta-
analysis as we
anticipated.

Cross-sectional study
design

Confounding
variables (i.e.,
medications and BMI)
not included in the
analysis

associations for
SB with
biomarkers in the
same direction as
the studies
performed in
non-risk
populations.

Objectively
measured
sedentary time

Plasma-based
biomarkers

AIMS Medical Science

Continued on next page
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Reference Hypotheses/Study Research Design, Measures Primary Findings Limitations Strengths

Author(s), Year, Title, Aims Sample Size, Ages,

Journal Country

Aadahl. M. Linnebere. A Examine the Randomized trial of 166 Objectively measured overall ~ The reduction in sedentary time No dietary Accelerometer

Ma l? ’T ’R 1nne ergs, N effectiveness of a adults aged adults aged sitting time; secondary did not differ between groups. information was determined
otler, 1., lRosenain, ., sedentary behavior  18-69 years old from measures were breaks in The intervention group had included sedentary

Dunstan, D., Witte, D., & . . i . . . . . .

intervention Denmark sitting time; anthropometric greater improvements in standing behavior

Jorgensen, T. (2014);
Motivational counseling to
reduce sitting time: A
community-based randomized
controlled trial in adults.
American Journal of Preventive
Medicine

Accelerometer determined
sedentary behavior
(ActivPAL

Body fat percentage
determined by Tanita BC-
420MA

Serum measures of insulin
homeostasis model
assessment, hepatic insulin
resistance, and basil insulin
secretion, glycosylated
hemoglobin, total cholesterol,
LDL and HDL cholesterol,
and triglycerides

time than the control group.
Greater improvements in insulin
resistance was observed in the
intervention condition when
compared to the control group.
No other differences were
observed.

Uneven sample size in
the intervention and
control condition.

Serum biological
markers

Randomized
design

AIMS Medical Science
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3.3.1.  Our findings compared to the 2014 review for triglycerides/high density lipoprotein
cholesterol/ blood glucose

We identified three relevant studies and, in our review, with the exception of systolic blood
pressure, sedentary behavior/sitting was associated with unfavorable biometric indices. In the 2014
review, for two of the three studies, the associations between time spent in sedentary behavior and
high triglycerides was not statistically significant. Overall, the literature in this area is not consistent.

3.4. Blood pressure (Table 3)

In a cross-sectional descriptive study (with 306 elderly Koreans with hypertension), levels and
predictors of sedentary behavior were examined [24]. The participants spent an average of 8.59 hours
per day in sedentary behavior. The analysis showed that sedentary behavior was significantly predicted
by a longer duration since hypertension diagnosis, greater levels of depressive symptoms, and lower
levels of perceived health, vigorous-intensity physical activity, and empowerment (i.e., a composite
score of sense of control, self-efficacy, problem solving, psychosocial coping, support, motivation,
and decision making). These variables explained 42.6% of the variance in sedentary behavior [24].

3.4.1.  Our findings compared to the 2014 review for blood pressure

In our review, we found one study related to blood pressure. However, blood pressure was not
analyzed as a predictor or consequence of sedentary behavior. In the prior review, two of the three
publications reported that sedentary time was associated with high blood pressure [10]. This area of
research is emerging and more definitive studies are needed.

3.5. HBA1C/Glucose Intolerance (Table 2)

Sedentary behavior has been associated with glucose levels and insulin secretions. Lifestyle
interventions designed to reduce sedentary behaviors such as television watching have the potential to
improve glucose metabolism. Joseph et al. [25] found that both sedentary behavior (< 2 versus > 6
hours/day: OR = 1.65, 95% CI = 1.26, 2.14) and television viewing (< 2 versus > 6 hours/day: OR =
2.68, 95% CI = 1.38, 5.21) were associated with risk of type II diabetes in adjusted models. The
association remained after adjusting for BMI (OR = 1.39, 95% CI = 1.06, 1.81). Some of these
relationships differed by racial and ethnic identity.

AIMS Medical Science Volume 7, Issue 1, 10-39.
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3.5.1.  Our findings compared to the 2014 review for HBA1C/Glucose Intolerance

Since 2013, we found one study that examined the association between sedentary behavior and type 2 diabetes. A positive association was reported
between type 2 diabetes risk, leisure sedentary behavior, and television viewing, which may be more pronounced in non-Hispanics whites. In the prior
review [10], four studies were found. One study reported a positive association between television viewing, sedentary time and plasma glucose; in another
study, a positive relationship was found in women only; in two studies, the findings were not statistically significant [10]. Overall, the findings are mixed
and inconsistent related to sedentary behavior, HBA1C/Glucose Intolerance, and diabetes. Clearly, more research is needed.

Table 3. Blood pressure, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/ Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Study Aims Sample Size, Ages,
Journal Country
Chang & Sok (2015); Examine Cross-sectional Self-reported sedentary behavior Stepwise regression analysis indicated that Self-reported Validated
Predictors of sedentary predictors of study (N =306) of empowerment, duration since HBP diagnosis, measures of measures
behavior in elderly Koreans sedentary Korean adults aged  Psychosocial variables (i.e., perceived health, vigorous-intensity physical sedentary
with hypertension, The Journal ~ behavior 65 years and older empowerment, perceived health, activity, and depressive symptoms were behavior
of Nursing Research depression, self-efficacy, and determinants of sedentary behavior.

social support for physical Cross-sectional

activity) design

AIMS Medical Science Volume 7, Issue 1, 10-39.
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3.6. Cholesterol ratio and total (Table 2)
3.6.1.  Our findings compared to the 2014 review for cholesterol ratio and total

Our review found one study with no statistically significant results. Rezende et al. 2014 reported
three studies; two studies reported positive results between television viewing, high total-to-HDL
cholesterol ratio and leisure-time sedentary behavior, television viewing, and cholesterol ratio [10]. A
third study found no statistically significant findings between sedentary behavior and total cholesterol.
Overall, two studies including the most recent one (2019) found no association and two earlier studies
(2007 and 2012) found positive associations. To clarify the relationships between cholesterol and
sedentary behaviors in this emerging area, more definitive research is recommended.

3.7. Other Cardio-metabolic biomarkers (Table 2)

There is a scarcity of studies investigating inflammatory biomarkers and sedentary behavior.
Therefore, we included one review article as an exception to our exclusion criteria. Wirth and
colleagues (2017) [26] defined sedentary activity as waking behavior with an energy expenditure < 1.5
METS while in a sitting or reclining posture. C-reactive protein, which is a protein made by your liver
that is sent into your bloodstream in response to inflammation, was investigated most frequently;
although, restricted to four cross-sectional studies and one randomized controlled trial, only two cross-
sectional studies demonstrated that sedentary behavior was positively associated with C-reactive
protein [26]. Neck circumference and fat mass were positively correlated to sedentary behavior but
were investigated in only one randomized controlled trial [27]. There was limited or no evidence for
the other anthropometric biomarkers [26].

3.7.1.  Our findings compared to the 2014 review for other cardio-metabolic biomarkers

In our review, the findings related to sedentary behavior and C-reactive protein were not
consistent. Rezende et al. 2014 reported a study that found a positive relationship between sedentary
behavior and C-reactive protein [10]. In three of the five studies, positive associations were found
between C-reactive protein and sedentary behavior. Other cardio-metabolic biomarkers such as
pericardial fat, coronary artery calcification, neck circumference, and fat mass merit further research.

3.8. Waist circumference (Table 4)

An area of great interest is the impact of sedentary behavior on the waist circumference of older
adults. Three cross-sectional studies were identified; sedentary behavior had strong positive
associations with waist circumference. In models adjusted for moderate-to-vigorous intensity physical
activity, sedentary behavior was positively associated with both weight and waist circumference [27].
Similarly, Bann et al. [28] found that sedentary behavior was inversely associated with body mass
index (BMI). In addition, less time spent in sedentary behavior and more time spent in light-intensity
physical activities resulted in lower BMIs. These results were partially supported by a cross-sectional
study [22].
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Table 4. Waist circumference, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Research Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Journal Aims Design, Sample
Size, Ages
Bann, Hire, Manini et al. (2015); Examine the association  Cross-sectional Accelerometer determined In adjusted models, sedentary behavior was  Cross sectional Use of BMI as a
Light intensity physical activity =~ between sedentary study (N = sedentary time associated with BMI. Less time spent design measure of body
and sedentary behavior in behavior, BMI, and grip  1,130) of adults sedentary and more time spent in light- size
relation to body mass index and  strength. aged 70-89 Jamar determined grip intensity physical activities was associated
grip strength in older adults: living in the strength with BMI
cross-sectional findings from the United States.
lifestyle interventions and BMI and waist
independence for elders (LIFE) circumference measured by
study. Plos ONE trained staff
Gennuso, Gangnon Matthews Examine the association  Population based  Accelerometer determined  In adjusted models, higher quartiles of Cross-sectional Accelerometer
(2013); Sedentary behavior, between sedentary cross-sectional sedentary behavior sedentary behavior were associated with design determined
physical activity, and markers of ~ behavior, physical study (N =1914) weight, BMI, waist circumference, systolic sedentary
health in older adults. Medicine  activity, and of adults aged 65  Cardiometabolic markers blood pressure, and C-reactive protein behavior
and science in sports and cardiometabolic markers years and older (total, HDL, and LDL among participants who were insufficiently
exercise living in the cholesterol, glucose, active older adults. Among sufficiently Population based
United States triglycerides, active older adults, higher quartiles of sample
glycohemoglobin, waist sedentary behavior were associated with
circumference, blood waist circumference and LDL cholesterol Serum
pressure, and C-reactive levels. In addition, insufficiently active cardiometabolic
protein) older adults who were less sedentary had markers
lower odds of functional limitations.
Physical function
Figueiro, T. H., Arins, G., Examine the association  Cross-sectional Accelerometer determined ~ Sedentary behavior was negatively and Cross-sectional Objectively
Santos, C., Cembranel, F., between sedentary study of sedentary behavior linearly associated with systolic blood study design measured
Medeiros, P. A., d'Orsi, E., & behavior and Brazilians adults pressure and HDL cholesterol. Physically sedentary time
Rech, C. R. (2019); Association  cardiometabolic markers (N =425) aged Waist circumference, blood  inactive and sedentary individuals had Confounding
of objectively measured 60 years and pressure, and plasma based  greater waist circumference and lower variables (i.e., Plasma-based
sedentary behavior and physical older cardiometabolic markers HDL cholesterol levels than active, non- medications and ~ biomarkers
activity with cardiometabolic sedentary subjects. BMI) not
risk markers in older adults. included in the
Plos ONE analysis
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3.8.1.  Our findings compared to the 2014 review for waist circumference

In our review, the findings were consistent; in three studies, sedentary behavior was related to
greater waist circumference in older adults. Similarly, in five of six studies, sedentary behavior was
related to high waist circumference and high waist-to-hip ratio as reported in the prior review [10].
The only exception to the consistent findings is a study in a colorectal cancer population in which
sedentary time was not associated with waist circumference. Overall, however, the research is
consistent; sedentary time is a risk factor for greater waist circumference in older adults.

3.9. Obesity/Overweight (Table 5)

The Centers for Disease Control and Prevention classify individuals as obese with a body mass
index (BMI) >30.0 kg/m?. A systematic review study indicated that sedentary behavior was linked to
increased risk of obesity in various populations [29]. We identified three cross-sectional studies in our
search. In an earlier study of older adults in the United States [27], positive associations were found
between sedentary behavior and BMI. Similarly, Bann et al. [28] found that sedentary behavior was
inversely associated with BMI, especially among those with lower levels of light-intensity physical
activity. Furthermore, these results were supported by strong associations observed between sedentary
behavior and waist circumference among older adults in Portugal. In particular, for each additional 10-
to 20- minutes of sedentary time, the odds of abdominal obesity increased 6.8%. The odds increased
up to 48% for each additional 60 minutes of time spent in sedentary behavior [30].

3.9.1.  Our findings compared to the 2014 review for obesity/overweight

In our review, we found that all three studies reported positive associations between sedentary
time and obesity, measured by BMI or waist circumference. In the prior review [10], five of the six
studies reported a positive association between sedentary behavior and obesity. The one exception was
a study examining the association between automobile-based sedentary behavior and obesity [10].
Overall, the research is consistent in that eight of nine studies reported a positive relationship between
sedentary behavior, overweight, and obesity in older adults.
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Table 5. Obesity, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Aims  Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Sample Size,

Journal Ages

Bann, Hire, Manini et al. Examine the association Cross-sectional Accelerometer determined In adjusted models, sedentary behavior Cross sectional ~ Use of BMI as a

(2015); Light intensity
physical activity and sedentary
behavior in relation to body
mass index and grip strength in
older adults: cross-sectional
findings from the lifestyle
interventions and
independence for elders (LIFE)
study. Plos ONE

Gennuso, Gangnon, Matthews
(2013); Sedentary behavior,
physical activity, and markers
of health in older adults.
Medicine and science in sports
and exercise

Judice, Silva, & Sardinha
(2015); Sedentary bout
durations are associated with
abdominal obesity in older
adults. The Journal of
Nutrition, Health & Aging

between sedentary
behavior, BMI, and grip
strength.

Examine the association
between sedentary
behavior, physical
activity, and
cardiometabolic markers

Examine the association
between sedentary time
and patterns of abdominal
obesity

study (N = 1,130)
of adults aged 70
— 89 living in the
United States.

Population based
cross-sectional
study (N=1914)
of adults aged 65
years and older
living in the
United States

Cross-sectional
study (N =351)
of older adults
(aged 65-103
years) from
Portugal

sedentary time

Jamar determined grip
strength

BMI and waist
circumference measured by
trained staff

Accelerometer determined
sedentary behavior

Cardiometabolic markers
(total, HDL, and LDL
cholesterol, glucose,
triglycerides,
glycohemoglobin, waist
circumference, blood
pressure, and C-reactive
protein)

Physical function

Accelerometer determined
sedentary behavior

Waist circumference
measured by trained staff

was associated with BMI. Less time
spent sedentary and more time spent in
light-intensity physical activities were
associated with BMI

In adjusted models, higher quartiles of
sedentary behavior were associated with
weight, BMI, waist circumference,
systolic blood pressure, and C-reactive
protein among participants who were
insufficiently active older adults. Among
sufficiently active older adults, higher
quartiles of sedentary behavior were
associated with waist circumference and
LDL cholesterol levels. In addition,
insufficiently active older adults who
were less sedentary had lower odds of
functional limitations.

No association was observed with total
sedentary time and abdominal obesity.
However, for bouts of sedentary time
that ranged from 10 — 20 minutes up to
<60 minutes, each bout significantly
increased the odds of abdominal obesity.

design

Cross-sectional
design

Cross sectional
design

Dietary
variables not
considered in
models

measure of body
size

Accelerometer
determined
sedentary behavior

Population based
sample

Serum
cardiometabolic
markers

Objectively
measured sedentary
time
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3.10. Mental health (Dementia, mild cognitive impairment, psychological well-being) (Tables 6—8)

We identified eight articles published since 2013 that examined the association between sedentary
behavior and mental and cognitive health. Two of the studies focused on dementia [31,32]. In one
study, the authors reported that institutionalized versus community-dwelling dementia patients had
23.5% lower daily physical activity levels (p = 0.004) and spent 9.3% more time in sedentary behavior
(p = 0.032). Community-dwelling dementia patients had daily physical activity levels and sedentary
time 21.6% lower (p = 0.007) and 8.9% longer (p = 0.078) than healthy older adults [31]. In another
study, sedentary time and sedentary bout duration were significantly greater in dementia patients than
in age- and sex-matched cognitively healthy older adults [32].

Mild cognitive impairment (MCI) is defined as cognitive decline greater than expected for age
and education level, which does not interfere with independence. Mild cognitive impairment is
associated with up to a 30% increased risk of developing dementia within 5 years [33]. In contrast,
older adults without mild cognitive impairment develop dementia at a rate of 1% to 2% within 5
years [33]. Therefore, mild cognitive impairment is a critical phase to intervene because it is a
transitional stage between healthy cognition and dementia [33]. As observed by Falck et al. 2017,
providing effective strategies to maintain cognitive health during this transition period might slow the
conversion to dementia [33]. We identified four articles related to mild cognitive impairment. Engeroff
et al. 2018 reported that brain-derived neurotrophic factor (BDNF) levels (measure of brain plasticity)
were detrimentally associated with sedentary time but beneficially related to accelerometer total
activity counts and moderate-to-vigorous intensity physical activity [34]. Falck et al. [33] found that
participants with probable mild cognitive impairment had lower physical activity and greater sedentary
behavior compared to participants without mild cognitive impairment.

Parkinson’s disease is a progressive, neurodegenerative disorder characterized by rigidity, tremor,
impaired postural stability, decreased walking ability, and an increased risk of falls [35]. People with
mild-to-moderate Parkinson’s disease reported 75% of waking hours spent in sedentary behaviors and
18% engaged in physical activity [35].

Subjective cognitive complaints are a meaningful indicator of dementia onset or mild cognitive
impairment [36]. Nemoto et al. (2018) found that moderate-to-vigorous intensity physical activity was
significantly related with a lower risk of subjective cognitive complaints and that reading showed a
dose-response relationship with subjective cognitive complaints [36]. The group who reported > 150
min/week physical activity and > 30 min/ day reading showed 60% lower subjective cognitive
complaints than the group who reported < 150 min/week physical activity and < 10 min/day
reading [36].

Subjective well-being refers to personal evaluations of the degree or extent to which a person
considers his/her life meaningful, satisfying, worthwhile, and rewarding [37]. A key to measure a
person’s wellbeing is the perception of quality of life being experienced [37]. We found two studies
related to well-being and sedentary behavior. Okely et al. (2019) reported no association between
wellbeing or symptoms of anxiety and sedentary time. On the other hand, symptoms of depression
were positively associated with sedentary time [38]. Ku et al. (2015) found that participants who had
greater frequencies of leisure-time physical activity and sedentary behaviors, especially engaging in
walking, yard/gardening, group exercise, television watching, social chatting, and reading recorded
greater levels of well-being. Other types of activities, such as solitary exercise, listening to radio and
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playing chess/cards were not related to subjective well-being [37]. Clearly, the type of sedentary
behavior makes a difference related to health outcomes.

3.10.1. Our findings compared to the 2014 review for mental health (dementia, mild cognitive
impairment, psychological well-being)

In our review, we found eight articles. Dementia was related to sedentary behavior. In three of
the four studies, sedentary behavior was related to mild cognitive impairment. In one study, reading
was related to lower subjective cognitive complaints. Symptoms of depression were positively
associated with sedentary time. In contrast, participants who watched television, chatted socially, and
read, recorded greater levels of well-being. Rezende et al. 2014 presented six studies [10]. Individuals
who played board games and read were less likely to develop dementia. Similarly, reading books,
playing board games, craft activities, computer activities, and watching television were significantly
associated with decreased odds of having mild-cognitive impairment (two studies). In contrast, two
studies found that sedentary time was negatively associated with psychological well-being and the
highest quartile of sitting time was negatively associated with mental health. On the other hand, one
study found no association between four or more hours per day of sedentary behavior and successful
aging. Considering both reviews, the type of sedentary behavior can be important in understanding the
findings. A taxonomy of sedentary behaviors for older adults is needed to elucidate the divergent
findings related to sedentary behavior and mental health.

3.11. Cancer (Table 9)

We found one study related to cancer [39]. The purpose of the study was to determine the impact
of a mixed exercise program compared to stretching only to improve physical capacity and decrease
sedentary behavior time in older adults during cancer treatment. The mixed physical exercise
combined aerobic and resistance training. A greater decrease in sedentary behavior time was observed
in favor of the mixed exercise program compared to the stretching only program [39].

3.11.1. Our findings compared to the 2014 review for cancer
Both reviews identified only one study related to cancer. In the Rezende et al. 2014 review [10],

no association was found between time watching television or videos and renal cell carcinoma. Cancer
and sedentary behavior in older adults are underdeveloped areas of research.
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Table 6. Dementia, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Research Design, Sample Measures Primary Findings Limitations Strengths
Author(s), Year, Aims Size, Ages, Country

Title, Journal

van Alphen et al. To objectively assess  The research design was a Actigraphy was used to  Institutionalized vs. One limitation is that all The first study to
(2016); Older the physical activity longitudinal study that assess physical activity ~ community-dwelling dementia  activity counts per minute objectively
adults with levels of community examined the effects of regular  levels that were based patients had 23.5% lower daily ~ represent the same physical characterize

dementia are
sedentary for most
of the day. Plos
ONE

Hartman et al.
(2018); Dementia
patients are more
sedentary and less

dwelling and
institutionalized
ambulatory patients
with dementia and to
compare with the
physical activity
levels of cognitive
healthy older adults.

To examine physical
activity and sedentary
behavior
characteristics of

physical activity on the health
of dementia patients;
participants were recruited via
medical staff of aged care
facilities. There were 83
institutionalized [mean age
83.0 (7.6)] and 37 community-
dwelling dementia patients
[mean age 77.3 (5.6)], and 26
healthy older adults [mean age
79.5 (5.6)]. The study was
conducted in The Netherlands.
Cross-sectional study - persons
with a dementia diagnosis
aged > 60 years who were
ambulatory and community

on the raw data.
Sedentary behavior was
classified < 100
counts/min.

Dementia diagnosis
was based on
comprehensive clinical
assessment by a

physical activity levels (p
=.004) and spent 9.3% more
time in sedentary behavior (p
=.032). Community-dwelling
dementia patients vs healthy
older adults’ daily physical
activity levels and sedentary
time were 21.6% lower (p
=.007) and 8.9% longer (p
=.078).

Relative sedentary time and
sedentary bout duration were
significantly greater in
dementia patients than in

activity intensity for healthy as
well as adults with dementia.
Another limitation is the
selection procedure of
institutions and daycare centers
and homes based on existing
collaborations.

The design of the study could
not answer the question
whether differences in physical
activity and sedentary behavior

institutionalized and
community-dwelling
dementia patients’
physical activity and
sedentary behavior
levels.

An accelerometer is a
validated measure of
physical activity and
sedentary behavior. A

physically active ambulatory and dwelling were included. (n = physician. controls. In addition, dementia  are simply a consequence of novel finding was that
than community-dwelling 45, age 79.6 + 5.9 years), and Mini-Mental patients spent a lower dementia. Only community- differences between
age-and sex- patients with matched controls (n = 49, age State Examination percentage of their waking time  dwelling patients were dementia patients and
matched dementia compared to  80.0 + 7.7 years). Cognitively  indicated severity of in light-to-moderate and included; therefore, results controls remain when
cognitively cognitively healthy healthy controls were age, sex, cognitive impairment. moderate-to-vigorous intensity ~ cannot be generalized to corrected for sleep
healthy older age-, sex- and weight- and weight matched to Participants wore a physical activities. Secondly, institutionalized dementia time.
adults. Dementia matched controls. dementia patients and had no wrist accelerometer for  older age was associated witha  patients. Furthermore, a
Geriatric history of cognitive 7 days to assess decline in physical activity and  potential bias related to the
Cognitive impairment. The study was sedentary time, increase in sedentary behavior study enrollment should be
Disorders conducted in The Netherlands.  sedentary bout duration  in controls; however, no such considered. Dementia patients

and time spent in very age-related changes were found  in the study were enrolled in an

light, light-to-moderate  in dementia patients. exercise trial.

and moderate-to-

vigorous physical

activities.
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Table 7. Mild cognitive impairment, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Aims Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Sample Size, Ages,

Title, Journal Country

Engeroff et al. (2018);  Examine the association Cross-sectional Accelerometer determined Sedentary time was Small sample Well controlled study

Is objectively assessed
sedentary behavior,
physical activity and
cardiorespiratory
fitness linked to brain
plasticity outcomes in
old age? Neuroscience
Falck et al. (2017);
Cross-sectional
relationships of
physical activity and
sedentary behavior

with cognitive function

in older adults with
probable mild
cognitive impairment.
Physical Therapy

between brain plasticity
outcomes and brain-derived
neurotrophic factor

To examine differences in
physical activity and
sedentary behavior between
people with probable mild
cognitive impairment and
people without mild
cognitive impairment and to
assess whether associations
of physical activity and
sedentary behavior with
cognitive function differed
by mild cognitive
impairment status.

study (N = 50) of
older adults (aged
73-77 years old) in
Germany

The study was
cross sectional. The
sample size was
150. The mean age
was 71.11 years old
(7.22). The location
was Vancouver,
British Columbia,
Canada.

sedentary behavior

Serum markers of brain
metabolism and brain-derived
neurotrophic factors (BDNF)

Cardiorespiratory fitness
Physical activity and
sedentary behavior in adults
dwelling in the community
were measured using a wrist-
worn actigraphy unit. The
Montreal Cognitive
Assessment categorized
participants with probable
mild cognitive impairment
and participants without the
condition. Cognitive function
was indexed using the
Alzheimer Disease
Assessment Scale-Cognitive-
Plus.

associated with BDNF, but
not brain metabolism
measures

Participants with probable
mild cognitive impairment
had lower physical activity
and higher sedentary
behavior than participants
without mild

cognitive impairment.
Higher physical activity
and lower sedentary
behavior were associated
with better Alzheimer
Disease Assessment Scale-
Cognitive-Plus
performance in participants
without mild cognitive
impairment but not in
participants with probable
mild cognitive impairment.

Cognitively healthy
sample

This study was cross-

sectional and therefore

causal associations

should not be inferred.

In addition, the
diagnosis of mild
cognitive impairment
was not confirmed
with a physician.

Novel methods

First study to report that
older adults with probable
mild cognitive impairment
were less active and more
sedentary than their
cognitively healthy peers.
Objective assessments of
physical activity and
sedentary behavior.
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Reference Hypotheses/Study Aims Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Sample Size, Ages,
Title, Journal Country

Walle’n et al. (2015);
Levels and patterns

of physical activity and
sedentary behavior in
elderly people with
mild to moderate
Parkinson’s disease.
Physical Therapy

Nemoto et al. (2018);
The association of
single and combined
factors of sedentary
behavior and physical
activity with subjective
cognitive complaints
among community-
dwelling older adults:
Cross-sectional study.
Plos ONE

To describe levels and

patterns of physical activity
and sedentary behaviors in
elderly people with mild to

moderate Parkinson’s
Disease.

To examine the association

of type of sedentary

behavior, physical activity,
or their combination with

subjective cognitive
complaints among

community dwelling older

adults.

This cross-sectional
study involved a
free-living setting
and 53 men and 42
women (mean age
73.4 years; (SD-5.7
years) with mild to
moderate idiopathic
Parkinson’s
Disease. The
country was
Sweden.

The cross-sectional
study targeted
independently
living individuals
aged 65 years and
older who

resided in Tsuru,
Yamanashi
Prefecture, Japan (n
=5,328).

Time spent in physical
activity and sedentary
behaviors were assessed for
one week with
accelerometers.

Participants responded to the
National Functional Survey
Questionnaire (Kihon
checklist) to assess subjective
cognitive complaints. Do your
family or friends point out
your memory loss? Do you
make a call by looking up
phone numbers? Do you find
yourself not knowing today's
date? To evaluate physical
activity, the Japanese version
of the International Physical
Activity Questionnaire Short-
version (IPAQ-SV) was
conducted. Sedentary
behavior time was assessed as
subjective average duration of
television viewing and
reading books or newspapers
during the last seven days.

The main finding was that
approximately 75% of all
time awake was spent in
sedentary behaviors; 18%
was spent in physical
activity. The proportion of
individuals meeting the
goal of achieving 150
minutes of moderate- to
vigorous-intensity PA per
week was 27%; 16%
achieved 7,000 or more
steps per day; participants
spent 589 minutes daily in
sedentary behaviors.

The primary findings were
that moderate-to-vigorous
intensity physical activity
was significantly related
with a lower risk of
subjective cognitive
complaints and that
reading showed a dose-
response relationship with
subjective cognitive
complaints. The combined
group who reported >150
min/week physical activity
and >30 min/ day reading
showed 60% lower
subjective cognitive
complaints than the
combined group who
reported <150 min/week
physical activity and <10
min/day reading.

The participants were
not randomly selected;
therefore,
generalizability is
limited.

The cross-sectional
design limits causal
inferences. Physical
activity and sedentary
behavior were
assessed subjectively.
Participants who
developed dementia or
mild cognitive
impairment during the
study were not
necessarily
completely excluded.

Based on objective
assessment
(accelerometers), described
the levels and patterns of
physical activity, including
diurnal patterns, and
estimated the extent to
which physical activity
recommendations were met.

First study to report the
association of the combined
effects of sedentary time
and physical activity with
subjective cognitive
complaints; demographic
variables, health behavior,
and health status were
included in the analyses.
The data were from a
complete survey with a high
response rate of 79.8% and
missing values were
accounted for by multiple
imputation.
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Table 8. Psychological well-being, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Aims Research Design, Sample Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Journal Size, Ages, Country

Okely et al. (2019); Positive and To examine the association  Three prospective (N = Accelerometer determined Sedentary behavior was Waking time Accelerometer
negative well-being and between sedentary behavior ~ 698) of older adults in sedentary behavior associated with depression ~ was self- determined
objectively measured sedentary and both positive and Scotland (ActivPAL) symptoms reported sedentary behavior

behavior in older adults: evidence
from three cohorts. BMC
Geriatrics

Ku et al. (2015); Leisure-time
physical activity, sedentary
behaviors and subjective well-
being in older adults: An eight-
year longitudinal research. Social
Indicators Research

negative effect
Validated scales for
positive and negative effect,
depression, and anxiety

Examine the association Longitudinal fixed cohort Self-reported leisure time in ~ Television viewing, social
between self-reported (N = 1,268) of adults aged sedentary behavior chatting, reading, and
sedentary time and 70 years or older in Taiwan. listening to the radio were
subjective well-being Subjective well-being (i.e., significantly associated
Life Satisfaction Index) with subjective well-being

Validated measures
of mental health

Self-reported Longitudinal
sedentary time  design

Table 9. Cancer, sedentary behavior, and older adults (References from 2013-2019).

Reference Hypotheses/Study Aims Research Design, Measures Primary Findings Limitations Strengths
Author(s), Year, Title, Journal Sample Size, Ages,
Country

Maréchal et al. (2019); Effect ofa  To examine the impact of Two-group (i.e., mixed Self-reported sedentary time ~ Mixed exercise group had Small sample ~ Objective
mixed-exercise program on an intervention on exercise vs. stretching) greater improvements in chair assessments of
physical capacity and sedentary increasing physical activity ~ pre- and post-test design Senior fitness test — stands and global physical Sedentary functional
behavior in older adults during and reducing sedentary (N =14) of older patients  functional performance test ~ capacity scores when compared  behavior was performance
cancer treatments. Aging Clinical ~ behavior during cancer in Canada (i.e., chair stands, Up and to those in the stretching group.  not the focus
and Experimental Research treatment Go, Arm Curl, Sit and No other differences were

Reach, and 6-minute walk observed

test)
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3.12. Study quality assessment of cited literature (Table 10)

The purpose of the quality ratings was to assess risk of bias. As described earlier, we used the
National Institute of Health ratings system for each research design [12]. Among 20 observational
cohort and cross-sectional studies, three studies were rated as fair and seventeen studies were rated as
good. Among the four other research designs [i.e., before-after (pre-post) studies with no control group;
case-control studies; controlled intervention studies; and systematic reviews/meta-analyses], there
were seven studies. Five were rated as fair, one as good, and one was rated poor—controlled
intervention study. Most of the studies adjusted for confounders. Most of the studies were cross-
sectional. More randomized controlled trial studies are needed.

Each article in our review was published in a peer-reviewed journal; therefore, only one article
was rated as poor. Our quality assessment of articles probably would be different if we had included
the grey literature. Given the overall quality assessment of our articles, we are confident in the findings
of our review. It is not likely that risk of bias compromises our major conclusions.

Table 10. Quality ratings of cited literature based on National Institutes of Health criteria (n = 27).

Research design Reference Quality assessment from National
Institute of Health ratings criteria
(good, fair, poor)
Observational Cohort and Cross-Sectional Studies
Bann et al. 2015 Good
Benka Wallén et al. 2015 Good
Cabanas-Sanchez et al. 2018 Fair
Chang et al. 2015 Fair
Ekblom et al. 2015 Good
Engeroff et al. 2018 Fair
Ensrud et al. 2014 Good
Figueiro et al. 2019 Good
Gennuso et al. 2013 Good
Gennuso et al. 2015 Good
Jefferis et al. 2019 Good
Joseph et al. 2016 Good
Judice et al. 2015 Good
Klenk et al. 2016 Good
Ku et al. 2016 Good
Leon-Munoz et al. 2013 Good
Matthews et al. 2012 Good
Nemoto et al. 2018 Good
Okely et al. 2019 Good
Pavey et al. 2015 Good
Before-After (Pre-Post) Studies with No Control
Group
Hartman et al. 2018 Fair
Case-Control Studies
Falck et al. 2017 Fair
van Alphen et al. 2016 Fair
Controlled Intervention Studies
Aadahl et al. 2019 Fair
Maréchal et al. 2019 Poor
Systematic Reviews and Meta-Analyses
Thorp et al. 2011 Fair
Wirth et al. 2017 Good
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4. Discussion

By 2030, there will be nearly one billion older adults worldwide [40]. According to Harvey et al.
(2013), almost 60% of older adults reported sitting for more than four hours per day; 65% sat in front
of a screen for more than three hours per day; and over 55% reported watching television more than
two hours. The previous findings were based on self-report; when measured objectively, 67% of older
adults were sedentary for > 8.5 hours daily [40,41].

The most consistent associations with increased risk between sedentary behaviors and health
outcomes in older adults were: all-cause mortality, metabolic syndrome, triglycerides/high density
lipoprotein cholesterol/ blood glucose, HBA1C/glucose intolerance, waist circumference, and
obesity/overweight. The inconsistent associations were for blood pressure, cancer, and other cardio-
metabolic biomarkers. Mixed findings (positive and negative associations) were found for mental
health (dementia, mild cognitive impairment, psychological well-being). A systematic review
concluded that limiting sedentary time and participating in regular moderate-to-vigorous intensity
physical activity promote healthy cognitive aging. Sedentary behavior was associated with lower
cognitive performance, “although the attributable risk of sedentary time to all-cause dementia
incidence is unclear” [31].

Our findings compared to an earlier review [10] were similar for all-cause mortality, metabolic
syndrome, other cardio-metabolic biomarkers, waist circumference, obesity/overweight, cancer, and
mental health (dementia, mild cognitive impairment, psychological well-being). These consistent
associations may be attributable to robust results, sufficient literature to draw conclusions, and/or clear
outcome measures. Our findings were dissimilar for triglycerides/high density lipoprotein cholesterol/
blood glucose, blood pressure, and HBA1C/glucose intolerance. The dissimilar findings may be
accounted for by our recent update (i.e., different times for which studies were conducted), a limited
number of studies in the area, or absence of consistent or robust results. Another possibility that merits
further study is that heterogeneity in clinical outcomes, methods, and statistical approaches may
explain dissimilar results.

Rezende et al. 2014 [10] reported detrimental effects of sedentary behaviors on physical health in
older adults. However, it is noteworthy that there are studies documenting positive psychological and
mental effects at least for some forms of sedentary behavior [37]. Another review concluded that some
sedentary behaviors (e.g., reading or use of computers) were beneficial for older adults [9]. As noted
earlier, based on our review, we recommend a taxonomy of sedentary behavior for older adults to
disentangle the web of seemingly discrepant findings. Further research is needed to provide
greater insights.

Based on our review and the earlier review [10], another emerging area of research for older
adults is cancer and sedentary behavior; only two studies were reported. Clearly, cancer, sedentary
behavior, and older adults is an understudied research area [39]. Aging is regarded as an important
cause of cancer and studies show that aging and cancer together contribute to an increased risk of
deconditioning [42,43]. In addition, the combination of aging and cancer is associated with an increase
in sedentary behaviors. In the context of cancer treatment such as chemotherapy, patients are more
likely to adopt sedentary behaviors and decrease physical activity levels that exacerbate deconditioning
which hinders recovery and wellbeing [44—46]. This cycle may be particularly evident in older
populations [45—47]. Unfortunately, health care professionals recommend resting and to avoid physical
activity during cancer treatments believing this strategy limits cancer-related symptoms especially
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cancer-related fatigue [48]. More research is required to understand better how to disrupt this health-
compromising cycle and improve the health of older adults during cancer treatments.

From another perspective, the biological pathways that underlie the associations between
sedentary behavior and cancer is important [49]. In 10 of 18 articles, a review found that sedentary
behavior was associated with increased colorectal, endometrial, ovarian, and prostate cancer risk and
cancer mortality in women [49]. The biological pathways or mechanisms that produce the association
between sedentary behavior and cancer were adiposity and metabolic dysfunction. The author
recommended that reducing sedentary behavior is a viable cancer control strategy [49]. For the health
outcomes reported in our systematic review, more research is needed documenting biological pathways.

Limitations—The limitations of this review are a publication bias because we did search for non-
published papers and the grey literature. We did not include technical reports, papers from government
agencies and other scientific groups, conference proceedings, and unpublished manuscripts. However,
we acknowledge that searching the grey literature is important because, typically, only positive,
significant findings are published in peer-reviewed journals. Another limitation is that findings were
not categorized by physical activity patterns and levels, age groups (e.g., old and very old - over 80
years of age), gender, racial and ethnic identity, or by dose and type of sedentary behavior. All studies
should adjust for confounders. Because our systematic review was not a meta-analysis, we did not
assess clinical, methodological, and statistical heterogeneity; differences that can influence
conclusions. In a narrative review, geriatric-relevant health outcomes included physical function,
cognitive function, incontinence, mental health, quality of life and wellbeing as well as sleep. In our
review, we did not review research related to incontinence and sleep. Another limitation is the extent
to which the literature is dependent on self-report measures. More objective assessments of sedentary
behaviors are recommended.

Strengths—In spite of these limitations, our systematic review is the most recent and
comprehensive study of this topic including a full description of each article and an evaluation of the
quality of each article. Furthermore, we summarize the findings for twelve different health conditions
ranging from mortality to mental health and then compared our findings to a previous review. Each
study was evaluated for quality and risk of bias based on the National Institute of Health standardized
approach for rating the quality of studies [12]. Key characteristics of each study were described and
presented in both narrative and table formats.

Future research, policy, and practice — Given the growing population of older adults and the
prevalence of sedentary behavior in this population, the effects of sedentary behavior both positive and
negative on health outcomes merit careful study. Worldwide, the number of dementia patients has been
rapidly increasing during the last few decades, and is expected to reach over 100 million in the year
2050 [36]. Age is the greatest risk factor for dementia [31]. Effective lifestyle interventions are critical
because non-pharmacological therapies can be used to treat dementia. The true efficacy of these
approaches is not known [31]. Therefore, to prevent dementia or cognitive decline is an urgent, global
public health crisis.

To improve the methodological quality of future research, we recommend greater use of diaries
and global position systems (GPS) (to provide a context) and accelerometers, which are regarded as a
valid and reliable method for evaluating sedentary behavior. In addition, more subgroup analyses
including gender, racial and ethnic identity, and geography would improve our understanding of
sedentary behavior and health outcomes in older adults. Similarly, dose-response gradients between
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sedentary behavior, physical activity, and health outcomes would advance the field. We recommend
that future research include meta-analyses.

As noted in previous reviews, chronic diseases and all-cause mortality and the effects of sedentary
behavior are important [9,10]. However, from a geriatric perspective, the effects of sedentary behavior
on independence, quality of life, and overall impairment (e.g., mobility) are high priority concerns for
older adults [9]. More research is needed in these areas.

The next stage of research is to identify modifiable determinants of sedentary behavior among
older adults to inform the development of behavior change interventions to reduce health-
compromising sedentary behaviors and increase physical activity to improve the health and wellbeing
of older adults. An earlier review evaluated the effectiveness of sedentary behavior interventions for
older adults and reported non-significant findings [9].

In terms of policy and practice, The United Kingdom advises those 65 years of age and older to
minimize the time they spend being sedentary for extended periods [40]. Any proposed policies and
practices should be evaluated in randomized controlled trials to evaluate the effects on mental,
psychological, and physical health. Policies and practices should discourage health-compromising
sedentary behaviors and promote health-enhancing sedentary behaviors (i.e., for mental and
psychological health) with the objective to improve the overall wellbeing of older adults.

5. Conclusion

There is a global trend in population aging that embraces terms such as “successful aging”, “active
aging,” and “healthy aging” which imply adding life to years and not just living longer (i.e., adding
years to life) [37]. To achieve this objective, given the high levels of sedentary behavior among older
adults, documenting the health effects of sedentary behavior is important. In our systematic review,
we found that sedentary behaviors were adversely associated with six health outcomes ranging from
obesity to mortality. Contrary to expectations, depending on the dose and type of sedentary behavior,
older adults may benefit from particular kinds of sedentary pursuits that are stimulating and cognitively
engaging. Our hope is that this review can be serve as a springboard for more rigorous studies to
advance the field of sedentary behavior and health effects on older adults.
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