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Abstract In older adults, sedentary time is positively
associated with obesity. The manner in which it is
accumulated, i.e., the number of breaks in sedentary
time, might be also important. We examined the cross-
sectional associations of breaks in sedentary time with
abdominal obesity in 301 older adults (111 men and 190
women) aged 75.0±6.8 years. Sedentary time
(counts min−1<100) and physical activity were objec-
tively measured by accelerometry, worn during waking
hours for at least three consecutive days. A break was
defined as an interruption (≥100 counts min−1<2020) in
sedentary time while performing light intensity physical
activities. Sedentary time was expressed as the number
of daily breaks in sedentary time or hourly breaks in
sedentary time. Abdominal obesity was defined bywaist
circumference (men >102 cm; women >88 cm). Using
binary logistic regression analyses, the odds for abdom-
inal obesity decreased 7 % for each additional hourly
break in sedentary time in women (OR=0.93, 95 % CI:
0.87–1.00), but not men, independently of total seden-
tary time and moderate-to-vigorous physical activity.
The odds for abdominal obesity were 3.21 times higher
(p=0.039) for women in quartile 1 (<225 breaks day−1)

of daily breaks in sedentary time compared to those in
quartile 4 (>353 breaks day−1) of daily breaks in seden-
tary time.

These findings indicate that older women who inter-
rupt their sedentary time more frequently are less likely
to present abdominal obesity. Public health recommen-
dations regarding breaking-up sedentary time comple-
mentary to those for physical activity are likely to be
relevant.
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Introduction

Physical activity and sedentary behaviors are complex
and distinct entities, and the lack of moderate-to-
vigorous physical activity (MVPA) does not directly
imply higher sedentary time. A paradigm shift proposes
that inactivity physiology is qualitatively different from
exercise physiology (Hamilton et al. 2007), ground-
breaking a new conceptual framework based on epide-
miological evidence linking sedentary behaviors direct-
ly with adverse health outcomes (Owen et al. 2014).
Sedentary time’ patterns are generally represented by
breaks in sedentary time considered in terms of how
frequently sedentary bouts are interrupted. For example,
two older adults may exhibit the same total amount of
sedentary time but have different accumulation or break-
ing patterns during the day (Lord et al. 2011).
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Geriatric population are the most sedentary group in
the population—spending about 70 % (9 to 10 h day−1)
of their waking hours in sedentary time (Baptista et al.
2012; Evenson et al. 2012; Healy et al. 2011a) and the
least amount of time in MVPA (Baptista et al. 2012).
They are also the age group that has the highest preva-
lence of abdominal obesity (Sardinha et al. 2012) which
is associated with multiple co-morbidities (Kohrt 1998).

The associations of sedentary time with obesity have
been reported for older adults independent of MVPA
(Gennuso et al. 2013; Inoue et al. 2012; Swartz et al.
2012). Nevertheless, there are inconsistent findings
concerning the role of sedentary time in abdominal
obesity, with some studies in adults reporting no relation
between overall sedentary time and abdominal fatness
(McGuire and Ross 2012; Saunders et al. 2013).
Disparities in associations for older adults have also
been reported, with studies reporting an association of
sedentary time with the presence of abdominal obesity
in older women, but not in older men (Healy et al.
2011b; Scheers et al. 2012a). Understanding the pattern
in which sedentary time is accumulated has been iden-
tified as a research priority and may explain these dis-
parities in older adults (Lord et al. 2011; Swartz et al.
2012).

Recent studies using general samples of adults have
found that, independent of MVPA levels and total sed-
entary time, more breaks in sedentary time are associat-
ed with lower adiposity (Ayabe et al. 2013; Chastin et al.
2012; Healy et al. 2011b; Oliver et al. 2012). One study
has found relationships of breaks in sedentary time with
overall fat mass among older adults (Chastin et al.
2012). However, no studies with older adults have ex-
amined how breaks in sedentary time are associated
with being in the at-risk category for abdominal obesity.
Based on this new paradigm and conceptual framework
of a plausible independent role of sedentary time on
adverse health outcomes, the purpose of this study was
to examine the associations of total sedentary time and
breaks in sedentary time with waist circumference—
defined abdominal obesity in older adults.

Methods

Participants

This study included a sample of non-institutionalized
Portuguese Caucasian older adults, aged 65–103 years.

Participants were selected by proportionate stratified
random sampling taking into account the number of
people by age and gender in each region of mainland
Portugal (Alentejo, Algarve, Centro, Lisboa e Norte),
excluding the Madeira and Açores regions (Portuguese
Archipelagos). A total of 401 participants were evaluat-
ed, of whom 301 aged 65 years or older (111 men and
190 women) had valid accelerometer data (≥ three days,
including one weekend day, with ≥10 h of wear
time day−1). The sample recruitment was carried out in
senior universities, parish councils, city halls, day care
centers, and health promotion fairs. Participants were
included if they had independent physical functioning,
determined by responses to the 12-item of Composite
Physical Functioning Scale (Rikkli and Jones 1998),
able to perform all basic and instrumental activities of
daily living. All participants were informed about the
possible risks of the investigation before giving their
written informed consent to participate. All procedures
were approved by the Ethics Committee of the Faculty
of Human Kinetics, University of Lisbon, and were
conducted in accordance with the Declaration of
Helsinki for Human Studies (World Medical
Association 2008).

Anthropometry

Participants were weighed to the nearest 0.01 kg while
wearing minimal clothes and without shoes, on an elec-
tronic scale connected to a plethysmograph computer
(BOD POD®, COSMED, Rome, Italy). Height was
measured to the nearest 0.1 cm with a stadiometer
(Seca, Hamburg, Germany) according to the standard-
ized procedures described elsewhere (Lohman et al.
1988). Body mass index (BMI) was calculated as body
mass (kg)/height2 (m) and classified into normal
(<25 kg m−2), overweight (25–29.9 kg m−2), or obesity
(≥30 kgm−2) (National Institutes of Health 1998). Waist
circumference was measured according to NIH proce-
dures used in the third US National Health and Nutrition
Examination Survey (NHANES III 1988–1994) proto-
col (National Center for Health Statistics 1996) with a
flexible anthropometric tape (Seca, Hamburg,
Germany) at minimal respiration and reported to the
nearest 0.1 cm by positioning a tape parallel to the floor
and immediately above the iliac crest. Waist circumfer-
ence was then dichotomized into normal or at risk
category for abdominal obesity (men>102 cm; wom-
en>88 cm) (National Institutes of Health 1998).
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Breaks in sedentary time and physical activity

Breaks in sedentary time and physical activity were
assessed by accelerometry (ActiGraph, GT1M model,
Fort Walton Beach, FL). The accelerometer is a small
device that measures the acceleration of normal human
movements ignoring high frequency vibrations associ-
ated with mechanical equipment. All participants were
asked to wear the accelerometer on the right hip, near
the iliac crest for at least three consecutive days, includ-
ing two weekdays and one weekend day. The devices
were activated on the first morning day, and data were
recorded in 15-s epochs. Apart from accelerometer non-
wear time (i.e., when it was removed for sleeping or
water activities), periods of at least 60 consecutive mi-
nutes of zero activity intensity counts were also consid-
ered as non-wear time. A valid day was defined as
having 600 min (10 h) or more of monitor wear, and
the study included the results from participants with at
least three valid days (including one weekend day).
Each minute during which the accelerometer counts
were below 100 was considered sedentary time; total
sedentary time was the sum of sedentary minutes while
the accelerometer was worn. A break in sedentary time
was considered as any bout of time in which the accel-
erometer count rose up to or above 100 counts min−1

and which stayed within the light-intensity physical
activity (LIPA) range (<2020 counts min−1).
Accelerometer counts ≥100 min−1 were classified
as active time, with further differentiation to iden-
tify separately LIPA (100 to 2019 counts min−1)
and MVPA; ≥2020 counts min−1. The difference
between LIPA and the daily breaks in sedentary
time variable is that whereas LIPA is the total
cumulative daily time spent in LIPA per day
(min day−1), breaks in sedentary time represents
the number of times sedentary time was broken
by LIPA (breaks day−1). Data processing also de-
rived the following variables: bouts of at least 1,
5, and 10 min of LIPA (bouts day−1); hourly
breaks in sedentary time calculated as follows
(60×daily breaks in sedentary time)/daily acceler-
ometer wear time in minutes.

Covariates

Self-reported sociodemographics, behavioral, and med-
ical covariates were assessed via interviewer-
administered questionnaires. Employment was

dichotomized as employed or unemployed (includes
retired) and educational attainment was categorized as
the following: (1) no education, (2) 4 years of education,
(3) 9 years of education, (4) 12 years of education, and
(5) higher education. Geographical location of partici-
pants according to each region of mainland Portugal
(Alentejo, Algarve, Centro, Lisboa e Norte) was also
introduced as a covariate. Smoking status and alcohol
dependence were reported and dichotomized in two
categories (no and yes). Medical history for hyperten-
sion, elevated cholesterol and glycemia, current medi-
cation, and the presence of any long-standing condition
such as diabetes, asthma, cancer, or cardiac disease were
also reported and classified in two categories (no or yes).

Statistical analysis

Statistical analysis was performed using SPSS Statistics
for Windows version 21.0, 2012 (SPSS Inc., an IBM
Company, Chicago, IL, USA). Descriptive analyses in-
cluded means±SD for all measured variables. Bivariate
correlations of sedentary time, LIPA, and MVPA were
performed to verify the associations between physical
activity variables. Binary logistic regression analyses
were performed to examine associations of MVPA,
quart i les of dai ly breaks in sedentary t ime
(breaks day−1), andmeasured hourly breaks in sedentary
time (breaks h−1) with the odds for abdominal obesity
(National Institutes of Health 1998), adjusting for co-
variates retained in backwards elimination (p<0.1): age,
accelerometer wear time, total sedentary time
(min day−1), employment, educational attainment, geo-
graphical location, smoking status, alcohol dependence,
medical history for chronic disease, hypertension, ele-
vated cholesterol and glycemia, current medication sta-
tus, and MVPA (min day−1) or daily breaks in sedentary
time (breaks day−1). Goodness-of-fit tests including the
log likelihood ratio, the Cox and Snell R Square statistic,
and the Hosmer and Lemeshow Test were used as
indicators of model appropriateness, and the Wald sta-
tistic was used to test the significance level of individual
independent predictor variables. To examine the differ-
ences in waist circumference between quartiles of daily
breaks in sedentary time (breaks day−1) and test for
linear effect of the association, a one-way analysis of
variance (ANOVA) was used. To examine the differ-
ences in covariates between the two women’s sub-
groups, t tests were used.
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Results

All results are reported by gender, as a significant gen-
der×breaks in sedentary time interaction was observed
(p=0.016). Participants’ characteristics, according to
gender, are shown in Table 1. On average, men and
women spent 72 and 71 % of their waking hours seden-
tary, 24 and 26 % in LIPA, and 3.6 and 2.6 % inMVPA,
respectively. The linear correlations of breaks in seden-
tary time with total sedentary time, LIPA, and MVPA
were (r=−0.35; r=0.67; and r=0.30, respectively, p≤
0.001) for men and (r=−0.37; r=0.64; and r=0.29,

respectively, p≤0.001), for women. Of the women,
68 % were classified as abdominally obese; 28 % of
the men were abdominally obese.

The associations of total sedentary time, MVPA, and
hourly breaks in sedentary time with the odds for ab-
dominal obesity are shown in Table 2.

For each additional hourly break in sedentary time,
the odds of being abdominally obese decreased by 7 %
(OR=0.93, 95 % CI: 0.87–1.00) for women but was not
significant for men (Table 2). Each daily 1-min in
MVPA was associated with a 4 % (OR=0.96, 95 %
CI: 0.93–0.99) and 2 % lower (OR=0.98, 95 % CI:

Table 1 Participants’ character-
istics according to gender

n number of participants, SD
standard deviation, BMI body
mass index, LIPA light intensity
physical activity, MVPA
moderate-to-vigorous physical
activity

Men (n=111) Women (n=190)
(Mean±SD) or % (n)

Age (years) 74.5±6.78 75.0±7.06

Employment (%)

Employed 24 (27) 36 (68)

Retired 76 (84) 64 (122)

Education (%)

None 4.5 (5) 6.3 (12)

Primary school (4 years) 65 (72) 67 (128)

Secondary school (9 years) 13 (14) 11 (21)

High school (12 years) 6.3 (7) 3.7 (7)

Higher education (>12 years) 7.2 (8) 3.2 (6)

Smoker (%) 4.5 (5) 1.1 (2)

Alcohol dependent (%) 2.7 (3) 0.5 (1)

Medical (%)

Hypertensive 42 (47) 53 (100)

Hypercholesterolemia or impaired fasting glucose 32 (35) 50 (95)

Take medication 89 (99) 91 (173)

Known chronic disease 36 (40) 35 (66)

Anthropometrics

Height (m) 1.66±0.06 1.53±0.06

Body mass (kg) 75.2±11.0 64.8±10.0

BMI (kg m−2) 27.4±3.49 27.7±3.83

Waist circumference (cm) 97.0±10.3 93.5±10.8

Accelerometer variables

Total sedentary time (min day−1) 598±114 583±122

LIPA (min day−1) 200±90 214±95

MVPA (min day−1) 30±29 21±23

Daily breaks in sedentary time (breaks day−1) 259±81 308±91

Hourly breaks in sedentary time (breaks h−1) 19±5.6 23±6.7

>1 min LIPA bouts (bouts day−1) 83±44 88±49

>5 min LIPA bouts (bouts day−1) 3.5±4.4 3.2±4.2

>10 min LIPA bouts (bouts day−1) 0.5±0.8 0.4±0.8
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0.97–1.00) odds of abdominal obesity in men and wom-
en, respectively (Table 2). There were no significant
associations of sedentary time or LIPA with abdominal
obesity, for both men and women (p>0.05). Being
employed was associated with an 81 % higher (OR=
2.24, 95 % CI: 1.05–4.82) odds of abdominal obesity in
women, but no associations with employment were
found for men. Also, no associations of total sedentary
time, LIPA, MVPA, daily or hourly breaks in sedentary
time with BMI were found (data not shown; p≥0.05).
The characteristics of the two women’s subgroups
were similar for most sociodemographic and med-
ical covariates (Table 3).

The odds for being abdominally obese were signifi-
cantly higher in the lowest quartile of daily breaks in
sedentary time compared to the highest quartile, for
women (OR=3.21, 95 % CI: 1.06–9.75) but not for
men (OR=4.33, 95 % CI: 0.81–23.3) (Fig. 1). The
ANOVA results showed significant differences in waist
circumference between quartile 1 of daily breaks in
sedentary time (lowest number of breaks) and quartiles
2, 3, and 4 with mean differences of 4.21 cm (p=0.048),
4.92 cm (p=0.015), and 4.74 cm (p=0.018) for women
but no significant differences in men (p≥0.05). After
adjustment for covariates, only the difference between
the fourth and first quartiles (mean 7.15 cm) remained
significant (p=0.042).

Discussion

The prevalence of obesity increases with age whereas
waist circumference is a good indicator of abdominal
obesity. Among elderly, it has been suggested that the
use of this anthropometric indicator predicts morbidity

andmortality. Furthermore, abdominal obesity is strong-
ly and inversely associated with regular physical activ-
ity. However, few studies have examined the indepen-
dent associations of sedentary time and breaks in sed-
entary time with abdominal obesity in geriatric popula-
tion. Grounded on the new paradigm of a plausible
independent role of sedentary time on adverse health
outcomes and consistent with the findings of previous
studies on the associations of breaks in sedentary time
with adiposity indices (Ayabe et al. 2013; Healy et al.
2011b; Oliver et al. 2012; Scheers et al. 2012b), we
found that older women who frequently interrupted their
sedentary time were less likely to be in the higher range
of abdominally obesity risk category, after controlling
for total sedentary time, MVPA, sociodemographic, and
medical covariates. While there were non-significant
associations for men, there were 7 % lower odds of
having abdominal obesity for every additional hourly
break in sedentary time for women. For MVPA, there
were statistically significant associations with the odds
for abdominal obesity, for both men and women, with
each daily minute in MVPA being associated with 4 and
2 % lower odds for abdominal obesity in men and
women, respectively.

The different distribution of men and women being
classified as having abdominal obesity (28 % of men
and 68% ofwomen) may in part explain why there were
no significant associations for breaks in sedentary time
with the odds for abdominal obesity in men. Only 28 %
of men compared to 68 % of women were abdominally
obese which may have weakened the associations for
the breaks in sedentary timewith the odds for abdominal
obesity. However, similar results were reported in a
previous study that examined the linear associations of
breaks in sedentary time with measures of total body fat

Table 2 Association of total sedentary time, LIPA, MVPA, and hourly breaks in sedentary time with abdominal obesity, by gender

Men (n=111) Women (n=190)

Independent variables β (SE) OR (95 % CI) p β (SE) OR (95 % CI) p

Total sedentary time (min day−1) 0.001 (0.001) 1.00 (0.99–1.01) 0.251 0.010 (0.01) 1.00 (0.99–1.04) 0.297

LIPA (min day−1) −0.001 (0.001) 1.00 (0.99–1.00) 0.135 −0.001 (0.001) 1.00 (0.99–1.00) 0.135

MVPA (min day−1) −0.040 (0.020) 0.96 (0.92–0.99) 0.020 −0.020 (0.001) 0.98 (0.97–1.00) 0.041

Hourly breaks in sedentary time (breaks h−1) −0.120 (0.070) 0.89 (0.78–1.01) 0.071 −0.070 (0.040) 0.93 (0.87–1.00) 0.043

Data are unstandardizedβ coefficient±standard error (SE) or odds ratio (OR) 95% confidence interval (CI) adjusted for age, wear time, total
sedentary time, employment, educational attainment, geographical location, smoking status, alcohol dependence, medical history for chronic
disease, hypertension, elevated cholesterol and glycemia, and current medication status. LIPA light intensity physical activity, MVPA
moderate-to-vigorous physical activity
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mass (Chastin et al. 2012) and found these associations
to be present only in women. Therefore, a potential
gender dimorphism for the associations of breaks in
sedentary time with abdominal obesity risk may exist
(Scheers et al. 2012a), with women benefiting the most
through more breaks in sedentary time. However, con-
sidering the different distribution of men and women
within the abdominal obesity categories in our sample,
our study is not powered to identify whether there is or is
not a significant difference in the gender response to the

breaks in sedentary time. This is a limitation that should
be addressed in future investigations. Regardless, the
present study showed that women who broke up seden-
tary time no more than 17 times an hour (225
breaks day−1) had an odds of being abdominally obese
of 3.21, relative to those who broke up sedentary time
more than 26 times an hour (353 breaks day−1).

We observed a significant inverse association of
breaks in sedentary time with the odds of being in the
abdominal obesity risk category. This finding is

Table 3 Women characteristics
according to subgroups: abdomi-
nal obese vs no abdominal obesity

n number of participants, SD
standard deviation, BMI body
mass index, WC waist circumfer-
ence, LIPA light intensity physical
activity, MVPA moderate-to-
vigorous physical activity

No abdominal
obese (n=59)

Abdominal
obese (n=131)

t test

(Mean±SD) or % (n) p

Age (years) 73.8±6.54 75.5±7.49 0.130

Employment (%) 0.228

Employed 29 (17) 37 (49)

Retired 71 (42) 62 (81)

Education (%) 0.005

None 3.4 (2) 7.6 (10)

Primary school (4 years) 63 (37) 73 (95)

Secondary school (9 years) 17 (10) 9.2 (12)

High school (12 years) 10 (6) 0.8 (1)

Higher education (>12 years) 6.8 (4) 3.1 (4)

Smoker (%) 0.00 (0) 1.5 (2) 0.343

Alcohol dependent (%) 0.00 (0) 0.8 (1) 0.508

Medical (%)

Hypertensive 42 (25) 56 (73) 0.089

Hypercholesterolemia or
impaired fasting glucose

46 (27) 48 (63) 0.846

Take medication 88 (52) 91 (119) 0.364

Known chronic disease 19 (11) 41 (54) 0.001

Anthropometrics

Height (m) 1.53±0.06 1.53±0.07 0.780

Body mass (kg) 58.5±7.86 68.2±9.27 <0.001

BMI (kg m−2) 24.9±2.93 29.0±3.45 <0.001

WC (cm) 81.7±5.13 99.1±7.70 <0.001

Accelerometer variables

Total sedentary time (min day−1) 572±99.4 594±132 0.258

LIPA (min day−1) 232±85.0 203±98.0 0.054

MVPA (min day−1) 26±24 18±20 0.018

Daily breaks in sedentary time (breaks day−1) 325±84 295±94 0.038

Hourly breaks in sedentary time (breaks h−1) 24±5.9 22±7.0 0.113

>1 min LIPA bouts (bouts day−1) 93±46 84±50 0.222

>5 min LIPA bouts (bouts day−1) 3.1±3.1 3.0±4.6 0.911

>10 min LIPA bouts (bouts day−1) 0.4±0.7 0.4±0.8 0.963
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consistent with a previous study that examined linear
associations of breaks in sedentary time with continuous
measures of waist circumference, which also had a
similar number of daily breaks in sedentary time (cur-
rent study: 288±88; (Henson et al. 2013): 273±60). The
odds for abdominal obesity were significantly lower in
the highest quartile compared to the first quartile. The
differences in waist circumference between daily breaks
in sedentary time quartile 1 (lowest number of breaks)
and quartiles 2, 3, and 4 (4.2, 4.9, and 4.7 cm lower
waist circumference, respectively) are supported by a
previous study in adults that found a similar trend (quar-
tiles 2, 3, and 4 were all significantly different from
quartile 1) (Healy et al. 2011b).

Similar to previous studies of older adults (Henson
et al. 2013; Santos et al. 2012), lower MVPA but not
total sedentary time or LIPAwere associated with higher
odds of abdominal obesity for both men and women.
Moreover, the inverse association of MVPA with ab-
dominal obesity was stronger in men compared to wom-
en, which in addition to the weaker associations of
breaks in sedentary time with abdominal obesity in
men, seemed to indicate that MVPA, rather than breaks
in sedentary time may be of greater importance for
controlling abdominal obesity in men. Since both the
quartile categories of daily breaks in sedentary time and
the continuous measures of breaks in sedentary time
were associated with the odds for abdominal obesity,
breaks in sedentary time, rather than total sedentary time

or total LIPA, may be more relevant for abdominal
obesity risk (Ando et al. 2013; Chastin et al. 2012).
These cross-sectional findings together with findings
on the metabolic syndrome (Bankoski et al. 2011) pro-
vide preliminary evidence that breaking up sedentary
time may be important to target in the prevention of
abdominal obesity in a geriatric population, especially
for women (Chastin et al. 2012). These results should be
confirmed in future prospective studies.

Findings from a small intervention study sup-
port this possibility, suggesting that regular varia-
tions in posture allocation may be an influential
factor in the regulation of energy homeostasis
(Swartz et al. 2011), a key factor in the develop-
ment of obesity. Previous findings have demon-
strated that sedentary time can be reduced by
following a brief intervention based on goal setting
and behavioral self-monitoring in older adults
(Gardiner et al. 2011).

A randomized controlled trial (Ando et al. 2013) also
found that breaking sedentary time more often may lead
to efficient utilization of ingested fat by preventing
decreased fat oxidation and as a result reduces fat depo-
sition. Decreased fat oxidation with prolonged sedentary
time has been observed in rats as a result of decreased
heparin-releasable lipoprotein lipase activity, which di-
rects consumed fat toward muscle (Zderic and Hamilton
2006). Recent human studies have been found that
regular walking breaks of light intensity activities were

Fig. 1 Waist circumference among quartiles of daily breaks in
sedentary time, by gender. Adjusted for age, total sedentary time,
MVPA, total wear time, employment, educational attainment,
geographical location, smoking status, alcohol dependence, med-
ical history for the presence of chronic diseases, hypertension,
elevated cholesterol and glycemia, and current medication status.
MVPA moderate-to-vigorous physical activity, OR odds ratio.

*Significant OR for abdominal obesity between quartiles and the
differences between quartiles’ waist circumference averages using
one-way analysis of variance (ANOVA) to test for linear effect of
the association are presented. Quartiles of daily breaks in sedentary
time: quartile 1 (<225 breaks day−1); quartile 2 (225 to 297
breaks day−1); quartile 3 (297 to 353 breaks day−1); quartile 4
(>353 breaks day−1)
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more effective than continuous physical activity at de-
creasing postprandial glycemia and insulinemia in
healthy, normal-weight adults (Dunstan et al. 2012;
Peddie et al. 2013). Another study found that alternating
standing and sitting in 30 min bouts results in modest
beneficial effects on postprandial glucose responses in
overweight/obese adults (Scheers et al. 2012a). Lower
postprandial glycemia is indicative of a more efficient
response to glucose ingestion and has been shown to be
inversely associated with abdominal fat deposition
(Khoury et al. 2010; Nakatsuji et al. 2010). These phys-
iological changes may be underlying the associations of
breaks in sedentary time with abdominal obesity and
should be addressed in future investigations.

An important strength of our study is that sedentary
time was objectively measured by accelerometry, but
still, there is some limitation as accelerometers are not
sensitive to detect all activities such as biking, standing,
and upper bodymovement. Although the criteria that we
considered to validate accelerometer data (≥3 days, in-
cluding one weekend day, with ≥10 h of wear
time day−1) has been used in large scale studies, this
criteria may be less reliable than a 7-day period and
therefore must be presented as a limitation. The cross-
sectional design of this study limits inference about the
direction of causality between the breaks in sedentary
time and abdominal obesity. We cannot rule out the
possibility that more breaks in sedentary time result
from lower levels of adiposity. Moreover, based on the
cutoffs for waist circumference (men>102 cm; wom-
en>88 cm), on average women were abdominally obese
while men were in the normal category. The fact that
men had lower levels of abdominal obesity may underlie
the lack of significant associations of breaks in seden-
tary time with abdominal obesity in men.

The majority of participants in our study was
retired and had no specific work context. Women
who were employed had 81 % higher odds of
being abdominal obese, compared with the retired
women. We hypothesized that women who were
retired may have more free time and therefore
more opportunities to be physically active and
break sedentary time more often. Also, the fact
that women usually do more housework may jus-
tify why retired women present less odds for ab-
dominal obesity compared with employed women.

The lack of association between employment and the
odds for abdominal obesity in men may be explained by
a lower contribution in housework, and therefore, a

similar pattern can be found in both work and leisure
time settings.

Another potential limitation is that considering
only 36 % of our sample had medical problems
like diabetes, asthma, cancer, or cardiac disease,
our results cannot be generalized to people who
have health problems. We also cannot rule out the
possible residual confounding from potentially im-
portant unmeasured covariates like diet. Future
studies would benefit from prospective designs to
examine the association of breaks in sedentary
time with abdominal obesity in both men and
women.

These findings might have potential implications
for the prevention of abdominal obesity in older
adults. Our findings provide objective evidence
that in older women, total sedentary time may
not be the most important determinant for abdom-
inal obesity but that additional to time spent in
MVPA, the fragmentation of sedentary time may
attenuate the development of abdominal obesity,
especially in women. As such, programs engaged
exclusively on MVPA may overlook an area that
is of also of importance to obesity control. Along
with messages related to accumulating at least
150 min week−1 of MVPA, older adults could also
be encouraged to sit less and stand/walk more
often, even with light intensity levels.

Conclusion

The present findings revealed an inverse association for
the breaks in sedentary time with abdominal obesity in
older women, using cross-sectional data. Therefore,
older women that interrupted sedentary time more often
were less likely to be abdominal obese independently of
total sedentary time itself and MVPA levels.
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