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Background: Sedentary behavior has gained prominence in the literature as a risk factor

for health and mortality independent of physical activity level; however, little is known

about the relationship of sedentary behavior with frailty in older adults. The aim of this

study was to investigate if time spent sitting can be used as a discriminator of frailty in

older hospitalized persons.

Methods: The study included 162 hospitalized inpatients aged ≥60 years. Blood

samples were taken for analyzing leukocyte counts and serum concentrations of

C-reactive protein (CRP). Participants also answered a questionnaire about time spent

sitting. Frailty was determined from a combination of CRP concentration and leukocyte

count. Receiver operating characteristic (ROC) curves were constructed to analyse the

predictive power and cut-points for time spent sitting and the presence of frailty.

Results: The areas under the ROC curves indicated that time spent sitting was an

independent indicator of frailty (area under curve >0.6). The cut-off points for time spent

sitting as an indicator of frailty were>257min/day for men and>330min/day for women.

Conclusions: Time spent sitting is associated with biomarkers of frailty in persons aged

≥60 years, indicating a need for interventions aimed at reducing sedentary behavior in

this age group.

Keywords: sedentary behavior, frailty, ROC curve, inflammation, older adults

INTRODUCTION

It has been estimated that the number of older adults worldwide will reach 1 billion in the next
10 years (United Nations Population Fund, 2016). Concomitant with this increase, there will be an
expansion in the use of technology, including appliances, automobiles, smartphones, and Internet.
This will contribute to higher prevalence of time spent in sedentary behavior across the different
age groups (Owen et al., 2010). Nevertheless, older adults will likely continue to be the segment of
the population with the highest rates of sedentary behavior (Matthews et al., 2008), as they usually
present with comorbidities that limit their activities of daily life.
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Long periods spent in sedentary behavior are reportedly
associated with elevated inflammatory state (Healy et al., 2011;
Allison et al., 2012; Gennuso et al., 2013; Hamer et al., 2013;
León-Latre et al., 2014; Parsons et al., 2017). Inflammation
contributes to disorders such as cardiovascular disease (Emerging
Risk Factors Collaboration et al., 2010), diabetes (Marques-Vidal
et al., 2012), cognitive decline (Metti et al., 2014), and frailty (Gale
et al., 2013).

Frailty is an important geriatric syndrome characterized
by substantial declines in the function of multiple organ
systems, functional capacity and higher risk for mortality (Fried
et al., 2009; Li et al., 2011; Abizanda et al., 2013). Because
frailty is associated with adverse health outcomes, its early
identification could facilitate interventions aimed at minimizing
such problems (Tribess et al., 2012). One way to diagnose frailty
is examining the combination of inflammatory biomarkers, such
as the serum concentration of C-reactive protein (CRP) and
leukocyte count (Li et al., 2011). Elevated inflammatory state
contributes to the decrease of muscle mass, strength, power, and
motor performance, aspects that play an important role in the
pathogenesis of frailty (Chen et al., 2014).

Due to overlapping of primary and secondary effects of aging,
older adults represent the age group most vulnerable to adverse
health effects. This place older adults as a susceptible group to
hospitalization, wherein diagnosis of the frailty is often difficulty
because of associated clinical conditions. Although, it has been
shown that sedentary behavior is associated with high values
of inflammatory biomarkers, limited evidence is available on
the association of time spent in sedentary behavior and such
biomarkers. This study aimed to analyse time spent sitting as an
indicator of the presence of frailty, indicated by increased levels
of inflammatory biomarkers, in hospitalized older adults.

MATERIALS AND METHODS

Study Sample
This cross-sectional study is part of the research project titled
“Prevalence and associated factors of frailty in older adults of a
university hospital.”

The study sample comprised 1,455 persons aged 60 years
or more of both sexes who were inpatients of medical and
surgical wards of a university hospital from April 2013 to March
2014. The required sample size was calculated by estimating the
prevalence of frailty in older adults, which was identified as 30%
(Khandelwal et al., 2012). After calculation of the 95% confidence
interval and a tolerable error of 5%, the required sample was
estimated to be 168 study subjects.

The inclusion criteria were as follows: (1) age over 60 years;
(2) agreement to participate in the study by signing an informed
consent form; (3) achieving the minimum score in the Mini-
Mental State Examination (Folstein et al., 1975) according to level
of education specified by the criteria of Bertolucci et al. (1994);
and (4) ability to walk.

Exclusion criteria were as follows: absence of serious sequelae
of stroke such as localized loss of strength, aphasia, or
other speech disorders that would prevent study assessments;
presence of Parkinson’s disease with severe impairment of motor

function, speech, ability to communicate, or emotional issues
that would prevent study assessments; severe deficits of vision
and/or hearing that would substantially hinder communication;
participation in the study during previous hospitalization; and
being in the terminal stage of an illness.

Instruments and Procedures for Data
Collection
Participants were asked to respond to a structured questionnaire
administered in the form of a face-to-face interview. The
questionnaire assessed relevant economic and social factors,
functional disability, and sedentary behavior. Subsequently,
participants provided a blood sample for determination of
inflammatory biomarkers of frailty, namely C-reactive protein
(CRP) and leukocyte count. Data collection was carried out by
12 appropriately trained researchers in the health field.

Economic and Social Variables
A self-report instrument developed by our Research Group on
Public Health was used to gather data on sex (male/female), age
(60–69 years, 70−79 years, and 80 years or more) marital status
(single, married or living with a partner, and widowed, separated,
or divorced), living arrangements (living alone and with others),
and monthly personal income (income less or greater than one
minimum wage).

Functional Disability
Functional disability was assessed by self-reported ability to carry
out basic activities of daily living (BADL) and instrumental
activities of daily living (IADL). The Brazilian versions of the
“Index of Independence in Activities of Daily Living” (Lino et al.,
2008) and “Scale of Instrumental Activities of Daily Living”
(Santos and Virtuoso-Júnior, 2008) were used, respectively.

Sedentary Behavior
Time spent sitting was assessed with the following questions:
“How long, in total, did you spend sitting during a weekday
prior to hospitalization?” and “How long, in total, did you
spend sitting on a weekend day prior to hospitalization?” These
questions are similar to those that evaluate time spent sitting
in the International Physical Activity Questionnaire (Rosenberg
et al., 2008), according to another study conducted in Brazil
(Santos et al., 2017). The overall sitting time in minutes/day was
determined by calculating the weighted mean of the time spent
sitting on a weekday and on a weekend day with the following
formula:

Overall time spent sitting = ((time spent sitting on a weekday∗5)

+ (time spent sitting on a weekend day∗2))/7. (1)

Frailty
Frailty was assessed by serum concentrations of the
inflammatory biomarkers C-reactive protein (CRP) and
leukocyte count. Two blood samples were obtained: the first
tube without anticoagulant, for the determination of serum CRP
concentration, and the second with ethylenediamine tetraacetic
acid for the overall leukocyte count.
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Serum CRP concentrations were measured by an
immunoturbidimetry method using a Cobas Integra 400-
Plus (Roche Diagnostics, Basel, Switzerland), and the overall
white blood cell count with XE2100-D equipment (Roche
Diagnostics). The cut-off values for frailty were CRP>2.6 mg/dL
(Puzianowska-Kuźnicka et al., 2016) and white cell count >9290
mm3 (Bovill et al., 1996), which corresponded to the 4th quartile.
If both values were abnormal according to these criteria, the
participant was classified as frail, whereas if one or both were
normal they were classified as non-frail.

Data Analysis
Data were double entered on a Microsoft Office 2007 Excel
spreadsheet. Statistical analyses were performed with the
Statistical Package for Social Sciences software (SPSS), version
20.0, and Medcalc, version 11.4.4. The c2-test was used to
compare social and economic variables and functional disability
according to the presence of frailty. Cut-points for time spent
sitting and their predictive power for presence of frailty were
identified by receiver operating characteristic curves (ROC) as
well as their sensitivity and specificity values. The larger the area
under the ROC curve, the greater the power of cut-points for
identifying presence of frailty. The lower limit of the area under of
the ROC for accepting the cut-points as predictive of frailty was
set at 0.60 (Schisterman et al., 2001) with a confidence interval
(CI) of 95%. Cut-points for time spent sitting as a predictor of
frailty were determined after calculating sensitivity and specificity
values. The significance level was set at 5% (p ≤ 0.05).

Ethical Considerations
This study was in accordance with the Helsinki declaration and
ethical principles of the Resolution No. 466 of December 12, 2012
of the National Health Council from Brazil. The study protocol
was approved by the Ethics Committee in Research with Human
Beings of the Federal University of Triângulo Mineiro (Protocol
number No. 2511/2012).

RESULTS

Of the 168 participants, 57.1% (n= 96) weremale and 64.3% (n=
108) between 60 and 69 years old.Most participants weremarried
or living with partners (61.3%; n= 103), not living alone (84.5%;
n = 142), and had monthly incomes of less than one minimum
wage (65.5%; n= 110). Regarding their functional capacity, 6.0%
(n = 10) were scored as dependent for BADL, whereas 65.5% (n
= 110) were scored as dependent for IADL (Table 1).

The prevalence of frailty was 15.5%, being more frequent in
men and in those who were dependent for BADL (Table 1). The
median time spent sitting was 231 min/day for men and 223
min/day for women. The time spent sitting was confirmed as a
discriminator of frailty, with areas under the ROC > 0.60.

The areas under the ROC curve were 0.61 for men (CI:
0.51−0.71) and 0.62 for women (CI: 0.50−0.73). Figure 1

shows the sensitivity and specificity values associated with the
aforementioned areas under the ROC. The cut-points for time
spent sitting as a predictor of frailty were >257 min/day and
>330 min/day for men and women, respectively.

TABLE 1 | Distribution of social and economic variables, functional disability, and

sedentary behavior in the sample of older inpatients.

Variable Overall Not frail Frail p*

% n % n % n

GENDER

Male 57.1 96 52.8 75 80.8 21 0.008

Female 42.9 72 47.2 67 19.2 5

AGE GROUP

60–69 years 64.3 108 66.9 95 50.0 13 0.147

70–79 years 30.4 51 28.9 41 38.5 10

80 years or more 5.4 9 4.2 6 11.5 3

MARITAL STATUS

Single 3.0 5 3.5 5 0.0 0 0.487

Married or living with

spouse or partner

61.3 103 59.9 85 69.2 18

Widowed or separated,

divorced

35.7 60 36.6 52 30.8 8

LIVING ARRANGEMENT

Alone 15.5 26 14.8 21 19.2 5 0.565

Accompanied 84.5 142 85.2 121 80.8 21

INCOME

>1 min wage 34.5 58 33.1 47 42.3 11 0.364

<1 min wage 65.5 110 66.9 95 57.7 15

BASIC ACTIVITIES OF DAILY LIVING

Independent 94.0 158 95.8 136 84.6 22 0.027

Dependent 6.0 10 4.2 6 15.4 4

INSTRUMENTAL ACTIVITIES OF DAILY LIVING

Independent 34.5 58 36.6 52 23.1 6 0.182

Dependent 65.5 110 63.4 90 76.9 20

SEDENTARY BEHAVIOR

<240 min/day 58.3 98 62.0 88 38.5 10 0.025

≥240 min/day 41.7 70 38.0 54 61.5 16

*χ2-test. One minimum salary/month = $260.00.

DISCUSSION

This study aimed to identify the predictive power of time spent
sitting as a discriminator of frailty in hospitalized older adults.
Previous studies have highlighted that prolonged sitting time is
associated with greater vulnerability to adverse health outcomes
in older persons; these include metabolic syndrome (Gardiner
et al., 2011), reduced muscle strength (Hamer and Stamatakis,
2013), excessive body weight (Gómez-Cabello et al., 2012), and
increased risk of mortality from all causes (Pavey et al., 2015;
Lee, 2016). However, little is known concerning the association
between sedentary behavior and frailty (Blodgett et al., 2015; da
Silva Coqueiro et al., 2016).

In this study, a greater proportion of men were considered
frail in comparison to women. One possible explanation would
be a greater engagement in light intensity physical activities by
older women compared to men. Sedentary behavior is usually
replaced with light intensity physical activity (Buman et al., 2010).
In this regard, women tend to perform more domestic activities
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FIGURE 1 | Sitting time cut-points for discriminating frailty in older adults.

than men, thus presenting less exposure to sedentary behavior
(Murphy et al., 2013).

This study determined frailty status based on simultaneous
abnormalities in two inflammatory biomarkers, namely serum
concentrations of CRP and leukocyte count (Li et al., 2011).
These biomarkers have been associated with frailty and also with
morbidity andmortality in older adults (Willems et al., 2010; Kim
et al., 2013; Salazar et al., 2014). The association between time
spent in sedentary behavior and increased CRP concentrations
and leukocyte counts identified in large population studies (Healy
et al., 2011; Pinto Pereira et al., 2012; León-Latre et al., 2014)
has received considerable attention in recent years. A study with
Americans found that sedentary behavior was associated with
limited mobility and that participants with reduced mobility had
higher CRP concentrations and leukocyte counts than those with
unrestricted mobility (Loprinzi, 2013). A linear association of
time spent sitting at work with CRP concentration and leukocyte
count has been reported in a study with Spanish workers (León-
Latre et al., 2014). It has also been shown that in older persons
from UK, longer television viewing times were associated with
higher CRP concentrations; this association remains significant
even after controlling for confounding variables (Hamer et al.,
2013). Similar findings have been reported in older American
individuals (Gennuso et al., 2013).

The relationship between sedentary behavior and dysfunction
of the immune system might be explained by the reduced muscle
contraction, which can result in increased muscle glucose and
decreased insulin sensitivity (Charansonney and Després, 2010;
Charansonney, 2011). Sparing glucose is then metabolized by
the liver into fat and stored in central adipocytes (Meneguci
et al., 2015). Adipose tissue, in turn, releases a variety of
synthesized proteins termed adipokines (Charansonney, 2011),
among which, resistin is positively correlated with the immune

and inflammatory system (Kunnari et al., 2006). Increases in
resistin concentrations induce increases in leukocyte counts
and concentrations of C-reactive protein (Kunnari et al.,
2006).

Although, participants from this study were medical or
surgical clinic inpatients of a university hospital, they were all
able to walk independently. It is also important to emphasize that
participants reported time spent sitting from the period prior to
hospitalization, not during hospitalization. Hospitalization can
increase the risk of deleterious health effects in older adults (Graf,
2006). Thus, appropriate intervention strategies for interrupting
sedentary behavior are necessary in the hospitalization period.
Interruption of prolonged periods of sedentary behavior can
contribute to reduction of adverse health outcomes (Bailey and
Locke, 2015; Júdice et al., 2015). A recent randomized study
showed that 2 min of moderate walking for every 20 min spent
sitting is associated with a reduction in postprandial blood
glucose concentrations (Bailey and Locke, 2015). Interruptions in
sedentary behavior have been associated with positive metabolic
effects, such as smaller waist circumference and body mass index,
as well as lower serum triglyceride and glucose concentrations
(Healy et al., 2008). Breaks in sedentary behavior also protect
against frailty and are associated with positive changes in
concentrations of C-reactive protein (Healy et al., 2011).
Additionally, a recent study showed that breaks in sedentary
behavior are positively associated with components of physical
fitness (Sardinha et al., 2015); and the latter has been directly
related to frailty (Fried et al., 2001). In view of this, the cut-points
presented in this study may be used to identify those individuals
who need special attention for avoiding the frailty syndrome. In
addition, the cut-points can be used in interventions as target
values for guiding reductions in sedentary behavior in older
adults.
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The present study has limitations. Diagnosis of frailty
was based on only two inflammatory biomarkers, which in
hospitalized older adults may be altered for many different
reasons, including acute infections. Thus, it is likely that some
participants may have been misclassified by the criteria herein
adopted for determining frailty status. Another limitation was
the lack of an objective method to assess sedentary behavior. The
use of an accelerometer would have resulted in more accurate
measures of sedentary behavior, as older adults might present
difficulties recalling their daily routine. The sampling procedure
may also have introduced bias in selecting participants. Ideally,
the stratification of participants by reasons for hospital admission
as well as type of medications used would have minimized
selection bias in this study. Finally, the cross-sectional design of
the study is a limitation that precludes conclusions about cause
and effect.

In conclusion, this study demonstrated that time spent sitting
>257 min/day for men and >330 min/day for women are
discriminators for the presence of frailty in older persons. While
our results need to be interpreted with caution, they do support
that sedentary behavior may be related to frailty in older adults,
defined as elevated inflammatory biomarkers in this study.
Future studies are needed to examine the relationship between
sedentary behavior and frailty in hospitalized older adults. These

studies should follow-up participants after hospital discharge
in order to identify their susceptibility to adverse events and,
at the same time, examine predictive validity of inflammatory
biomarkers for frailty.

AUTHOR CONTRIBUTIONS

JV and LR initiated the article and wrote the first draft. ST, JM,
EM, MP, FD, DD, and JS helped writing and provided input into
subsequent revisions.

FUNDING

This study was supported by the Fundação de Amparo à
Pesquisa do Estado de Minas Gerais (FAPEMIG, Minas Gerais
Research Foundation) and funded by Conselho Nacional de
Desenvolvimento Científico e Tecnológico (CNPq; Grant n◦.
APQ 475353/2012-9).

ACKNOWLEDGMENTS

We thank the hospital and professionals of the Federal University
of Triângulo Mineiro for their support and contributions to the
present study.

REFERENCES

Abizanda, P., Romero, L., Sánchez-Jurado, P. M., Martínez-Reig, M., Gómez-

Arnedo, L., and Alfonso, S. A. (2013). Frailty and mortality, disability and

mobility loss in a Spanish cohort of older adults: the FRADEA study.Maturitas

74, 54–60. doi: 10.1016/j.maturitas.2012.09.018

Allison, M. A., Jensky, N. E., Marshall, S. J., Bertoni, A. G., and Cushman,

M. (2012). Sedentary behavior and adiposity-associated inflammation:

the multi-ethnic study of atherosclerosis. Am. J. Prev. Med. 42, 8–13.

doi: 10.1016/j.amepre.2011.09.023

Bailey, D. P., and Locke, C. D. (2015). Breaking up prolonged sitting with

light-intensity walking improves postprandial glycemia, but breaking up

sitting with standing does not. J. Sci. Med. Sports Med. Aust. 18, 294–298.

doi: 10.1016/j.jsams.2014.03.008

Bertolucci, P. H. F., Brucki, S. M. D., Campacci, S. R., and Juliano, Y. (1994).

The mini-mental state examination in an outpatient population: influence

of literacy. Arq. Neuropsiquiatr. 52, 1–7. doi: 10.1590/S0004-282X19940001

00001

Blodgett, J., Theou, O., Kirkland, S., Andreou, P., and Rockwood, K.

(2015). The association between sedentary behaviour, moderate-vigorous

physical activity and frailty in NHANES cohorts. Maturitas 80, 187–191.

doi: 10.1016/j.maturitas.2014.11.010

Bovill, E. G., Bild, D. E., Heiss, G., Kuller, L. H., Lee, M. H., Rock, R.,

et al. (1996). White blood cell counts in persons aged 65 years or

more from the cardiovascular health study. Correlations with baseline

clinical and demographic characteristics. Am. J. Epidemiol. 143, 1107–1115.

doi: 10.1093/oxfordjournals.aje.a008687

Buman, M. P., Hekler, E. B., Haskell, W. L., Pruitt, L., Conway, T. L., Cain,

K. L., et al. (2010). Objective light-intensity physical activity associations

with rated health in older adults. Am. J. Epidemiol. 172, 1155–1165.

doi: 10.1093/aje/kwq249

Charansonney, O. L. (2011). Physical activity and aging: a life-long story. Discov.

Med. 12, 177–185.

Charansonney, O. L., and Després, J.-P. (2010). Disease prevention–should

we target obesity or sedentary lifestyle? Nat. Rev. Cardiol. 7, 468–472.

doi: 10.1038/nrcardio.2010.68

Chen, X., Mao, G., and Leng, S. X. (2014). Frailty syndrome: an overview. Clin.

Interv. Aging 9, 433–441. doi: 10.2147/CIA.S45300

da Silva Coqueiro, R., de Queiroz, B. M., Oliveira, D. S., das Merces, M. C., Oliveira

Carneiro, J. A., Pereira, R., et al. (2016). Cross-sectional relationships between

sedentary behavior and frailty in older adults. J. Sports Med. Phys. Fitness 57,

825–830. doi: 10.23736/S0022-4707.16.06289-7

Emerging Risk Factors Collaboration, Kaptoge, S., Di Angelantonio, E.,

Lowe, G., Pepys, M. B., Thompson, S. G., et al. (2010). C-reactive

protein concentration and risk of coronary heart disease, stroke, and

mortality: an individual participant meta-analysis. Lancet 375, 132–140.

doi: 10.1016/S0140-6736(09)61717-7

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). “Mini-mental state”. a

practical method for grading the cognitive state of patients for the clinician. J.

Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6

Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener,

J., et al. (2001). Frailty in older adults: evidence for a phenotype. J.

Gerontol. A Biol. Sci. Med. Sci. 56, M146–M156. doi: 10.1093/gerona/56.

3.M146

Fried, L. P., Xue, Q.-L., Cappola, A. R., Ferrucci, L., Chaves, P., Varadhan, R., et al.

(2009). Nonlinear multisystem physiological dysregulation associated with

frailty in older women: implications for etiology and treatment. J. Gerontol. A

Biol. Sci. Med. Sci. 64, 1049–1057. doi: 10.1093/gerona/glp076

Gale, C. R., Baylis, D., Cooper, C., and Sayer, A. A. (2013). Inflammatory markers

and incident frailty in men and women: the english longitudinal study of

ageing. Age Dordr. 35, 2493–2501. doi: 10.1007/s11357-013-9528-9

Gardiner, P. A., Healy, G. N., Eakin, E. G., Clark, B. K., Dunstan, D. W., Shaw,

J. E., et al. (2011). Associations between television viewing time and overall

sitting time with the metabolic syndrome in older men and women: the

Australian diabetes obesity and lifestyle study. J. Am. Geriatr. Soc. 59, 788–796.

doi: 10.1111/j.1532-5415.2011.03390.x

Gennuso, K. P., Gangnon, R. E., Matthews, C. E., Thraen-Borowski, K.

M., and Colbert, L. H. (2013). Sedentary behavior, physical activity, and

markers of health in older adults. Med. Sci. Sports Exerc. 45, 1493–1500.

doi: 10.1249/MSS.0b013e318288a1e5

Gómez-Cabello, A., Pedrero-Chamizo, R., Olivares, P. R., Hernández-Perera, R.,

Rodríguez-Marroyo, J. A., Mata, E., et al. (2012). Sitting time increases the

Frontiers in Physiology | www.frontiersin.org 5 July 2017 | Volume 8 | Article 505

https://doi.org/10.1016/j.maturitas.2012.09.018
https://doi.org/10.1016/j.amepre.2011.09.023
https://doi.org/10.1016/j.jsams.2014.03.008
https://doi.org/10.1590/S0004-282X1994000100001
https://doi.org/10.1016/j.maturitas.2014.11.010
https://doi.org/10.1093/oxfordjournals.aje.a008687
https://doi.org/10.1093/aje/kwq249
https://doi.org/10.1038/nrcardio.2010.68
https://doi.org/10.2147/CIA.S45300
https://doi.org/10.23736/S0022-4707.16.06289-7
https://doi.org/10.1016/S0140-6736(09)61717-7
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/glp076
https://doi.org/10.1007/s11357-013-9528-9
https://doi.org/10.1111/j.1532-5415.2011.03390.x
https://doi.org/10.1249/MSS.0b013e318288a1e5
http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive


Virtuoso Júnior et al. Sitting Time and Frailty

overweight and obesity risk independently of walking time in elderly people

from Spain.Maturitas 73, 337–343. doi: 10.1016/j.maturitas.2012.09.001

Graf, C. (2006). Functional decline in hospitalized older adults. Am. J. Nurs. 106,

58–67. doi: 10.1097/00000446-200601000-00032

Hamer, M., Poole, L., and Messerli-Bürgy, N. (2013). Television viewing, C-

reactive protein, and depressive symptoms in older adults. Brain Behav. Immun.

33, 29–32. doi: 10.1016/j.bbi.2013.05.001

Hamer, M., and Stamatakis, E. (2013). Screen-based sedentary behavior, physical

activity, and muscle strength in the English longitudinal study of ageing. PLoS

ONE 8:e66222. doi: 10.1371/journal.pone.0066222

Healy, G. N., Dunstan, D. W., Salmon, J., Cerin, E., Shaw, J. E., Zimmet, P. Z., et al.

(2008). Breaks in sedentary time: beneficial associations with metabolic risk.

Diabetes Care 31, 661–666. doi: 10.2337/dc07-2046

Healy, G. N., Matthews, C. E., Dunstan, D. W., Winkler, E. A. H., and Owen,

N. (2011). Sedentary time and cardio-metabolic biomarkers in US adults:

NHANES 2003-06. Eur. Heart J. 32, 590–597. doi: 10.1093/eurheartj/ehq451

Júdice, P. B., Silva, A. M., Santos, D. A., Baptista, F., and Sardinha, L. B. (2015).

Associations of breaks in sedentary time with abdominal obesity in Portuguese

older adults. Age 37:23. doi: 10.1007/s11357-015-9760-6

Khandelwal, D., Goel, A., Kumar, U., Gulati, V., Narang, R., and Dey, A.

B. (2012). Frailty is associated with longer hospital stay and increased

mortality in hospitalized older patients. J. Nutr. Health Aging 16, 732–735.

doi: 10.1007/s12603-012-0369-5

Kim, K.-I., Lee, J., Heo, N. J., Kim, S., Chin, H. J., Na, K. Y., et al. (2013). Differential

white blood cell count and all-cause mortality in the Korean elderly. Exp.

Gerontol. 48, 103–108. doi: 10.1016/j.exger.2012.11.016

Kunnari, A., Ukkola, O., Päivänsalo, M., and Kesäniemi, Y. A. (2006). High plasma

resistin level is associated with enhanced highly sensitive C-reactive protein and

leukocytes. J. Clin. Endocrinol. Metab. 91, 2755–2760. doi: 10.1210/jc.2005-2115

Lee, P. H. (2016). Examining non-linear associations between accelerometer-

measured physical activity, sedentary behavior, and all-cause mortality using

segmented cox regression. Front. Physiol. 7:272. doi: 10.3389/fphys.2016.00272

León-Latre, M., Moreno-Franco, B., Andrés-Esteban, E. M., Ledesma, M.,

Laclaustra, M., Alcalde, V., et al. (2014). Sedentary lifestyle and its relation to

cardiovascular risk factors, insulin resistance and inflammatory profile. Rev.

Esp. Cardiol. 67, 449–455. doi: 10.1016/j.recesp.2013.10.017

Li, H., Manwani, B., and Leng, S. X. (2011). Frailty, inflammation, and immunity.

Aging Dis. 2, 466–473.

Lino, V. T. S., Pereira, S. R. M., Camacho, L. A. B., Filho, R., Telles, S.,

and Buksman, S. (2008). Cross-cultural adaptation of the independence in

activities of daily living index (Katz index). Cad. Saúde Pública 24, 103–112.

doi: 10.1590/S0102-311X2008000100010

Loprinzi, P. D. (2013). Accelerometer-determined sedentary and physical

activity behavior among U.S. older adults: considerations by comorbidity

characteristics. J. Aging Phys. Act. 22, 432–440. doi: 10.1123/JAPA.2013-0019

Marques-Vidal, P., Schmid, R., Bochud, M., Bastardot, F., von Känel, R., Paccaud,

F., et al. (2012). Adipocytokines, hepatic and inflammatory biomarkers

and incidence of type 2 diabetes. The CoLaus study. PLoS ONE 7:e51768.

doi: 10.1371/journal.pone.0051768

Matthews, C. E., Chen, K. Y., Freedson, P. S., Buchowski, M. S., Beech, B. M., Pate,

R. R., et al. (2008). Amount of time spent in sedentary behaviors in the United

States, 2003–2004. Am. J. Epidemiol. 167, 875–881. doi: 10.1093/aje/kwm390

Meneguci, J., Santos, D. A. T., Silva, R. B., Santos, R. G., Sasaki, J.

E., Tribess, S., et al. (2015). Sedentary behavior: concept, physiological

implications and the assessment procedures. Motricidade 11, 160–174.

doi: 10.6063/motricidade.3178

Metti, A. L., Yaffe, K., Boudreau, R. M., Simonsick, E. M., Carnahan, R.

M., Satterfield, S., et al. (2014). Trajectories of inflammatory markers

and cognitive decline over 10 years. Neurobiol. Aging 35, 2785–2790.

doi: 10.1016/j.neurobiolaging.2014.05.030

Murphy, M. H., Donnelly, P., Breslin, G., Shibli, S., and Nevill, A. M. (2013).

Does doing housework 349 keep you healthy? The contribution of domestic

physical activity to meeting current 350 recommendations for health. BMC

Public Health 13:966. doi: 10.1186/1471-2458-13-966

Owen, N., Healy, G. N., Matthews, C. E., and Dunstan, D. W. (2010). Too much

sitting: the population health science of sedentary behavior. Exerc. Sport Sci.

Rev. 38, 105–113. doi: 10.1097/JES.0b013e3181e373a2

Parsons, T. J., Sartini, C., Welsh, P., Sattar, N., Ash, S., Lennon, L. T.,

et al. (2017). Physical activity, sedentary behavior, and inflammatory

and hemostatic markers in men. Med. Sci. Sports Exerc. 49, 459–465.

doi: 10.1249/MSS.0000000000001113

Pavey, T. G., Peeters, G. G., and Brown, W. J. (2015). Sitting-time and 9-

year all-cause mortality in older women. Br. J. Sports Med. 49, 95–99.

doi: 10.1136/bjsports-2012-091676

Pinto Pereira, S. M., Ki, M., and Power, C. (2012). Sedentary behaviour

and biomarkers for cardiovascular disease and diabetes in mid-life: the

role of television-viewing and sitting at work. PLoS ONE 7:e31132.

doi: 10.1371/journal.pone.0031132
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