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OBJECTIVE

Increasing evidence suggests that time spent sedentary predicts increasing car-
diometabolic risk independent of other physical activity. We objectively measured
activity levels in active older adults and examined the association between
sedentary behavior and the continuous metabolic syndrome risk score (cMSy).

RESEARCH DESIGN AND METHODS

Older adults (age ‡65 years) were recruited from the Whistler Masters ski team, a
group of active older adults who undergo organized group training. Daily activity
levels were recorded with accelerometers (SenseWear) worn for 7 days. A
compositional approach was used to determine proportion of the time spent
sedentary as compared with all other nonsedentary behaviors (isometric log-ratio
transformation for time spent sedentary [ILR1]).Waist circumference, triglycerides,
HDL, systolic blood pressure, and fasting glucose were measured, and cMSy was
calculated using principal component analysis (sum of eigenvalues ‡1.0).

RESULTS

Fifty-four subjects (30 women and 24 men, mean6 SE age 71.46 0.6 years) were
recruited. Subjects demonstrated high levels of physical activity (2.6 6 0.2 h light
activity and 3.9 6 0.2 h moderate/vigorous activity). In our final parsimonious
model, ILR1 showed a significant positive association with increasing cMSy
(standardized b 5 0.368 6 0.110, R2 5 0.40, P 5 0.002), independent of age and
biological sex.

CONCLUSIONS

Despite high levels of activity, ILR1 demonstrated a strong association with cMSy.
This suggests that even in active older adults, sedentary behavior is associatedwith
increasing cardiometabolic risk.

Metabolic syndrome is extremely common in the older adult population due tomany
factors, including an increase in sedentary time (ST) and a reduction in leisure-time
physical activity (LTPA) (1). Metabolic syndrome is a cluster of risk factors that is
associated with an increase in the incidence of cardiovascular disease and an
increase in mortality (2). Current thinking has postulated that instead of a binary
dichotomy (metabolic syndrome vs. not having metabolic syndrome), a more
useful approach is to assign a continuous score to this cluster of risk factors called
the continuous metabolic syndrome risk score (cMSy) (3). It has been well
established that an increase in ST and an increase in LTPA show opposite
associations with the development of metabolic syndrome in young and middle-aged
populations (4).

1Gerontology andDiabetes Research Laboratory,
Division of Geriatric Medicine, Department of
Medicine, University of British Columbia, Van-
couver, British Columbia, Canada
2Centre for Hip Health andMobility, University of
British Columbia, Vancouver, British Columbia,
Canada
3Department of Medicine, University of British
Columbia, Vancouver, British Columbia, Canada

Corresponding author: Kenneth M. Madden,
kenneth.madden@ubc.ca

Received 15 April 2020 and accepted 3 September
2020

Clinical trial reg. no. NCT02088827, clinicaltrials
.gov

This article is featured in a podcast available at
https://www.diabetesjournals.org/content/
diabetes-core-update-podcasts.

© 2020 by the American Diabetes Association.
Readers may use this article as long as the work is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.

See accompanying article, p. 17.

Kenneth M. Madden,1,2,3 Boris Feldman,1,3

and Jocelyn Chase1,3

194 Diabetes Care Volume 44, January 2021

C
A
R
D
IO
V
A
SC
U
LA

R
A
N
D
M
ET
A
B
O
LI
C
R
IS
K

https://doi.org/10.2337/dc20-0849
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-0849&domain=pdf&date_stamp=2020-12-04
mailto:kenneth.madden@ubc.ca
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
https://www.diabetesjournals.org/content/diabetes-core-update-podcasts
https://www.diabetesjournals.org/content/diabetes-core-update-podcasts
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license


However, more recent work has ques-
tioned examining activity levels as com-
pletely independent from each other.
Given that there is only a finite amount
of time in each day, any amount of time
spent at one level of activity is by def-
inition removed from time spent at an-
other level of activity, a codependence
that can be accounted for by a compo-
sitional approach (5,6). Due to this co-
dependence, ST can be quite training
resistant; previous work showed that
some individuals compensate for in-
creases in LTPA with a compensatory
increase in ST (removed from the portion
of the day that otherwise would have
been spent in light activity) (7). Although
not previously examined, it seems that
this issue would be even more pro-
nounced in the older adult population;
it remains very much an open question
how much of the cardiometabolic bene-
fits of moderate/vigorous activity are off-
set by fatigue-related increases in ST in
this vulnerable population.
Our study sought toaddress this knowl-

edge gap by examining the association
between the factors that make up the
metabolic syndrome (as measured by
cMSy) and the proportion of the day
spent in ST using a compositional ap-
proach in an already extremely active
group of older adult subjects. We hy-
pothesized that even in a group vastly
exceeding current activity guidelines, the
proportion of the day spent sedentary
would show strong positive associations
with cMSy, despite the subject’s high
levels of physical activity.

RESEARCH DESIGN AND METHODS

Subjects
All subjects gave written consent, and
our study protocol was approved by the
Human Subject’s Committee of the Uni-
versity ofBritishColumbia. Subjectswere
recruited via their affiliation with the
Whistler Masters ski team (Whistler,
British Columbia, Canada), a group that
has organized training during the off-
season; all measures were taken during
the off-season (spring, summer, and fall)
when the participants were not pursu-
ing their primary sport (downhill skiing).
Participants were approached through a
series of information sessions and posters.
All subjects were recruited in the con-
text of a previous sleep study protocol
(8).

Inclusion/Exclusion Criteria
All subjects had to be in good health;
current smoking, the use of recreational
drugs, having a diagnosis of cardiovas-
cular disease (in the form of angina,
myocardial infarction, or a history of
coronary revascularization), having a di-
agnosis of diabetes, and having a pre-
vious stroke or transient ischemic attack
were all exclusion criteria. All subjects
had to be members of the Masters ski
team, andhad tobeage65years orolder.

Study Procedures
A single study visit was booked to collect
anthropomorphic, blood pressure, labo-
ratory, and clinical data. Each component
of the metabolic syndrome was mea-
sured,aspercurrentguidelines (9).During
the same visit, the accelerometer was
also applied, and a postage-paid enve-
lope was given to each subject to allow
them to return the device. The coordi-
nator of the study was available 24 h per
day by cell phone to answer any que-
stions about the device. The research
nurse recorded medication list and past
medical history for each subject. Blood
pressurewasmeasuredwhile the subject
was seated quietly with a digital sphyg-
momanometer (ABPM 7100; Welch Allyn).
After 20 min of quiet rest, an average of
three readings separated by 5 min was
recorded in the supine position. A stadio-
meter (Health-o-meter) was used to
measure height to the nearest 0.1 cm.
Weight was measured to the nearest
0.1 kg using a mechanical beam balance
scale.Waist circumferencewasmeasured
using a plastic tape measure held directly
against the skin at the level of the um-
bilicus. Our tape measure was calibrated
as per current guidelines (10), and all
measures were performed by the same
technician. Serum lipid measures (HDL
and triglycerides) and fasting blood glu-
coseweremeasured in a private-affiliated
laboratory,first thing in themorning,with
each subject in a fasted state (LifeLabs).

With use of an armband fitted snugly
around the right upper triceps, triaxial
accelerometers (SenseWear Pro; Body-
Media, Sword Medical, Blanchardstown,
Dublin) were fitted and used to monitor
levels of physical activity for seven full
days, 24 h per day (8). Subjects were
instructed to wear the accelerometers
continuously, including during sleep, and
to only remove them when bathing. The
SenseWear Pro has a gyroscope (which

allows the device to distinguish between
upright and supine positions) and triaxial
accelerometers (used tomeasure activity
level). BodyMedia InnerView Research
software (version 5.1; BodyMedia) uses
proprietary algorithms to analyzeminute-
by-minute raw activity data from the
SenseWear Pro (11); these algorithms
have been shown to accuratelymeasure
sleep duration similar to polysomnog-
raphy measurements (12).

Data Collection and Processing
Each subject had to wear the accelerom-
eter for at least five valid days to be
included in the analysis. A valid day was
defined as at least 21 h of recorded
activity on the accelerometer. The Sense-
Wear Pro measures skin conductance,
which allows the device to recordwhen it
is removed, in order to avoid confusionof
an absence of activity with not the device
not being worn (11).

Accelerometer Measures of Activity
The SenseWear Pro is a commercially
available device that assesses energy
expenditure from heat flux, triaxial ac-
celerometers, galvanic skin response,
and skin temperature. It estimates en-
ergy expenditure using proprietary equa-
tions developedby themanufacturer; ST,
light activity time (LT), and time spent in
moderate-to-vigorous activity (MT)were
recorded as the average number of mi-
nutes per day. ST was defined as the
average daily time spent in “any waking
behavior characterized by an energy
expenditure#1.5METs while in a sitting
or reclining posture” (11,13). LT was
defined as an energy expenditure from
1.5 to 3.0 METs (13), and MT was cat-
egorized as energy expenditure .3.0
METs (11,13). Due to the very small
amount of time our subjects spent in
vigorous levels of activity (as defined
by .6.0 METs), moderate-level activity
and vigorous-level activity were com-
bined into a single category, as per other
previous studies using a compositional
approach (5,6).

Statistical Methods
Calculation of the cMSy score (3) was
performed using the five risk factors found
in the National Cholesterol Education
Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High
Blood Cholesterol in Adults (14). These risk
factors consist of waist circumference,
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triglycerides, HDL cholesterol, blood
pressure, and fasting plasma glucose
(14). All risk factors were normalized (log
10), and a blood pressure index was
calculated by averaging of systolic and
diastolic blood pressure (3). A principal
component (PC) analysis with varimax
rotation was applied to the five normal-
ized risk factors in order to derive PCs
(eigenvalue 1.0) that represented a large
fraction of the variance observed. As in
previous studies (3), this analysis revealed
PCs (eigenvalue 1.0) that represented a
large fraction of the variance observed.
cMSy was then computed by summing
of the individual PC scores (after each
one was weighted for by the relative
contribution of each to the overall
variance) (3).
As per current guidelines, measures of

physical activitywere normalizedprior to
analysis by the amount of time per day
the accelerometer device was worn (15).
Both standard and compositional de-
scriptive statistics were calculated for all
activity levels as previously described by
partitioning the day into four periods:
time spent sleeping, ST, LT, and MT
(6,16). The compositional mean is calcu-
lated by first calculating the geometric
mean for each of the four behaviors and
then normalizing the geometric means
of all movement behaviors so that they
added up to 1,440 min/24 h (17).
Linear regression models were then

fitted with an outcome variable of cMSy.
For our standard analysis, we chose for
our potential predictor variables age,
biological sex, ST, LT, and MT. Prior to
analysis, density plots for all variables
were examined to identify data skewing;
any variables that showed data skewing
were logarithmically transformed (base
10) prior to both the univariate and
multivariate analyses. For our composi-
tional approach, we then used an iso-
metric log-ratio transformation for time
spent sedentary (ILR1) toadjust ST for the
time spent in the other three periods
(ILR1) (6,17); ILR1expresses the ratioofST
to time spent in the other three (non-
sedentary) time periods (6,17). We
then fitted an initial model that used
age, biological sex, and ILR1 as pre-
dictor variables. For model parsimony,
we performed a stepwise regression. For
each iteration of the stepwise regression
model, the least significant predictor vari-
able was removed until only significant
correlates remained in the final model.

After each predictor was removed from
the model, Akaike information criterion
was calculated, until the smallest Akaike
information criterion was obtained in-
dicating the best fit (18). Variance in-
flation factors and tolerance values were
examined for multicollinearity for each
model in order to ensure that the as-
sumptions of the multivariate regression
were met; generally a variance inflation
factor .10 indicates issues with collin-
earity (18). Subjectswere split into upper
and lower halves of cardiometabolic risk
by the median cMSy score. The R core
software package, version 3.4.2, was
used for statistical analysis with a sig-
nificance level of P, 0.05 (19). All data
analysis was done in a blinded fashion,
and the mean6 SE was used to express
results.

RESULTS

Subject Recruitment
From the Masters ski team, 60 subjects
were initially recruited and 55 subjects
met our inclusion criteria. One subject
did not meet our data collection criteria
for successful accelerometer use, leaving
a total of 54 subjects. The accelerometers
were worn for a mean 6 SE of 99 6 0%
of the study time. Data were otherwise
complete.

Subject Characteristics
The demographic characteristics of par-
ticipants are shown in Table 1, as well as
biological sex differences.

The mean 6 SE cMSy for all subjects
was 0.1360.08, similar to those found in
previous studies of adult subjects (age
range from 18 to 75 years old) (4). When
we compared subjects who scored in the
upper (0.44 6 0.08 normalized units)
versus lower (20.42 6 0.08 normalized
units) halves of cMSy, subjects in the top
half of cMSy tended to have significantly
higher waist circumferences (91.56 1.8
vs. 81.6 6 1.7 cm, P , 0.001), higher
triglycerides (1.31 6 0.14 vs. 0.69 6
0.04mmol/L, P, 0.001), and lower HDL
levels (1.51 6 0.07 vs. 2.19 6 0.06
mmol/L, P , 0.001). Subjects in the
upper half of cMSy tended to be men
(10 women and 17 men vs. 20 women
and 7 men). There was no difference
between the upper- and lower-half
cMSy subjects with respect to age (72.0 6
0.9 vs. 70.96 0.8 years, respectively, P5
0.344), systolic blood pressure (118 6
3 vs. 1166 4mmHg, P5 0.805), diastolic

blood pressure (686 2 vs. 676 2mmHg,
P 5 0.807), mean arterial pressure (85 6
2 vs. 84 6 2 mmHg, P 5 0.705), fasting
blood glucose (5.2 6 0.1 vs. 5.1 6 0.2
mmol/L, P 5 0.734), and number of
medications (0.7 6 0.1 vs. 0.8 6 0.1,
P 5 0.756).

Activity Levels

Standard Means

Subjects had a mean ST of 9.7 6 0.2 h
per day (defined as sedentary behavior
when not in the supine position). Study
participantswerequiteactive, performing
light activities an average of 3.9 6 0.2 h
per day and moderate/vigorous activity
anaverageof 2.660.2hperday.Overall,
our subjects spent at least an average of
6.5 6 0.2 h per day not engaged in
sedentary behavior (not in the supine
position). Subjects at higher cardiome-
tabolic risk (upper half of cMSy) had
significantly lower MT (2.26 0.2 vs. 2.9
6 0.3 h, P5 0.041), higher ST (10.16 0.3
vs. 8.7 6 0.3 h, P 5 0.002), and lower
step number (9,891 6 672 vs. 11,7776
648 steps per day, P5 0.048) than those
at lower cardiometabolic risk (lower half
of cMSy). There was also a trend for
subjects at lower cardiometabolic risk
(lower half of cMSy) to expend more
daily calories during physical activity
(1,5826639 vs. 1,7376636,P50.091).
There was no significant difference in LT
(3.76636vs. 4.160.2h,P50.157) or in
the accelerometer wear time (98.7 6
0.2 vs. 98.3 6 0.2%, P 5 0.425) be-
tween upper and lower cMSy subjects
(Table 1).

Compositional Means

Whena compositional approachwas used,
our subjects spent 39.8% (9.6 h) of each
day sedentary, 16.2% (3.9 h) of each day
engaged in light activities, 9.5% (2.3 h) of
the day engaged in moderate/vigorous
activity, and 34.5% (8.3 h) sleeping. With
respect to our compositional analysis, as
shown in Fig. 1, subjects in the top half of
cMSy spent more time sedentary, result-
ing in a reduction in both LT and MT as
compared with those subjects at lower
cardiometabolic risk.

Univariate Analysis
Of all our continuous predictor variables,
only age (r5 0.2836 0.228, P5 0.038),
ST (r 5 0.368 6 0.213, P 5 0.007), and
ILR1 (r 5 0.399 6 0.205, P 5 0.003)
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showed significant associations with cMSy.
LT (r520.2256 0.242, P5 0.106) and
MT (r520.26460.235,P50.056)both
showed a trend toward a negative asso-
ciation with cMSy, but they did not reach
statistical significance.

Multivariable Analysis
Our initial multivariable regression model
contained our logistic predictor variable
(biological sex) and our continuous pre-
dictor variables (age, ST, LT, and MT) that

explained 39% of the variance in cMSy
(Table 2). Inourfinal parsimoniousmodel,
the only remaining significant predictor
variables were biological sex and ST;
female sexandSTdemonstratedapositive
association with cMSy (Table 2).

With use of a compositional approach
to our predictor variables, our initial sec-
ond model contained a logistic predictor
variable (biological sex) and continuous
predictor variables (age and ILR1) that
explained 41% of the variance in cMSy

(Table 2). Inourfinal parsimoniousmodel,
the remaining significant predictor varia-
bles were biological sex and ILR1; female
sex and proportion of time spent seden-
tary demonstrated a positive association
with cMSy (Table 2 and Fig. 2).

CONCLUSIONS

Principal Findings
Our subject populationwas an extremely
active group, exercising 9.5% (2.3 h) of
theday, vastlyexceeding currentphysical
activity guidelines (20). Despite very high
levels of both light and moderate/
vigorous activity, this subject pool en-
gaged in sedentary behavior for 39.8%
of the day (9.6 h). Although there are
no universally recognized cutoffs for ST,
ST.9hperdayhasbeenshowntobeat a
level that increases all-cause mortality
(21). Increased ILR1 per day showed a
strong association with cMSy, even with
correction for age and biological sex. In
fact, subjects in the upper half of cMSy
were sedentary for;1.5 more hours per
day compared with subjects in the lower
half (see Fig.1). This indicates that even
in a population reaching “ceiling levels”
ofphysical activity inanolderpopulation,
time spent sedentary is still strongly as-
sociated with an increase in cardiometa-
bolic risk asmeasured by cMSy. As shown
in Fig. 1, those subjects at higher levels of
cMSy had shifted time away from light
activity, moderate/vigorous activity, and

Table 1—Characteristics of subjects in the upper and lower halves of cMSy

All subjects Women Men P

Age (years) 71.4 6 0.6 70.3 6 0.7 72.6 6 0.9 0.060

Biological sex, n 30 women, 24 men 30 women 24 men N/A

Waist circumference (cm) 86.6 6 1.4 81.4 6 1.5 92.9 6 1.8 ,0.001*

Triglycerides (,1.7 mmol/L) 1.00 6 0.08 0.88 6 0.07 1.15 6 0.16 0.103

HDL (.1.0 mmol/L men, .1.3 mmol/L women) 1.85 6 0.07 2.09 6 0.07 1.57 6 0.09 ,0.001

Systolic blood pressure (mmHg) 116 6 2 114 6 4 119 6 3 0.366

Diastolic blood pressure (mmHg) 68 6 1 67 6 2 69 6 2 0.333

Mean arterial pressure (mmHg) 84 6 1 83 6 2 86 6 2 0.306

Fasting blood glucose (4.0–7.0 mmol/L) 5.1 6 0.1 5.0 6 0.2 5.2 6 0.1 0.463

Number of medications 0.8 6 0.1 0.8 6 0.1 0.8 6 0.1 0.943

Daily ST (h) 9.4 6 0.2 9.2 6 0.3 9.6 6 0.3 0.378

Daily LT (h) 3.9 6 0.2 4.3 6 0.2 3.6 6 0.2 0.029*

Daily MT (h) 2.6 6 0.2 2.5 6 0.3 2.7 6 0.2 0.580

Number of daily steps 10,852 6 480 10,948 6 604 10,734 6 782 0.827

Daily caloric expenditure 1,633 6 451 1,431 6 398 1,876 6 557 ,0.001*

cMSy (normalized units) 0.00 6 0.08 0.26 6 0.07 20.31 6 0.11 ,0.001*

Percent wear time, number of wear days 98.5 6 0.2, 7 days 98.6 6 0.3, 7 days 98.3 6 0.4, 7 days 0.494

Data are means 6 SEM unless otherwise indicated. *P value ,0.05.

Figure 1—Compositional activity analysis: composition of the day spent in light activity (red),
moderate/vigorous activity (green), sleep (blue), and sedentary behavior (purple) in the upper
and lower groups of cardiometabolic risk (cMSy).
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sleep in order to be sedentary for a larger
proportion of the day.
Recent work focusing on sedentary

behaviors (such as sitting watching tele-
vision) has established that time spent
sitting is an independent cardiometabolic
risk factor (22) that is associated
with increased mortality (23) in adults.
There is a well-established association
in younger subjects between metabolic
syndrome and higher levels of ST (24),
and prospective studies have shown that

increased ST increases the risks for de-

veloping metabolic syndrome (25). A

recent systematic review of sedentary

behavior found that few studies have

investigated sedentary behavior in

older adults, and only three studies
objectively measured ST using acceler-
ometers to study associations with clin-
ical parameters (26). To our knowledge,
this is the first study to use objective
measures of activity and demonstrate
a positive association between ST and

a continuous measure of cardiometa-
bolic risk in an extremely active older
population. Despite the fact that our
population had high levels of physical
activity, they spent a large amount of
time sedentary (;9.5 h per day), similar
to the levels of ST seen in inactive older
adults (27). These findings demonstrate
that even a highly active population can
have issues with excessive sitting and
that this might be posing a significant
cardiometabolic risk.

A previous study examining the re-
lationship between cMSy and self-reported
ST (4) showed a strong association in
middle-agedwomen.Our results confirm
these findings, by objective measure-
ment of activity by accelerometer, and
extend these findings to the active, older
adult population. Previouswork byGreer
et al. (28) has also demonstrated in a
young population that an increase in
self-reported time spent sedentary pre-
dicted a much higher risk of developing
metabolic syndrome, suggesting that ST
is a modifiable determinant of increased
cardiometabolic risk. We did not show (in
ourfinalmodel) any relationship between
higher levels of LT/MT and cMSy, which
differs from results of work in younger
populations (4). Wijndaele et al. (4) showed
a negative association between physical
activity and cMSy; our study did not
show such an association, likely due to
the fact that we had already selected for
highly active subjects that did not show
much variability in either LT or MT.

Potential Mechanisms
The results of this study showed that
subjects in the upper half of cardiome-
tabolic risk (high cMSy, indicating higher
waist circumferences, higher triglycer-
ides, and lower HDL levels) were more
sedentary. Previous bed rest studies in
young athletes (29) have shown that
increased time spent sedentary results
in a reduction in skeletal muscle GLUT
protein levels (GLUT-4) and a consequent
decrease in insulin sensitivity (which
manifests clinically as increased waist
circumference) (30). In addition, muscle
lipoprotein lipase (LPL) activity has been
shown to be very sensitive to inactivity, a
phenomenon that is prevented by even
the minute contractile activity seen with
standing (31). LPL is the rate-limiting
enzyme that hydrolyzes circulating
triglyceride-rich lipoproteins such
as VLDLs and chylomicrons; reduced

Table 2—Multivariable analysis (n 5 54)

R2 Standardized b P

cMSy, model 1, F(5,48) 5 6.074 0.39 ,0.001*
Age (years) 0.084 (0.123) 0.499
Biological sex (female) 20.945 (0.249) ,0.001*
ST (min per day) 0.113 (0.207) 0.587
LT (min per day) 20.095 (0.179) 0.597
MT (min per day) 20.245 (0.194) 0.213

cMSy, model 1, MEM F(2,51) 5 14.050 0.36 ,0.001*
Biological sex (female) 20.959 (0.229) ,0.001*
ST (min per day) 0.312 (0.115) 0.009*

cMSy, model 2, F(3,50) 5 11.16 0.41 ,0.001*
Age (years) 0.078 (0.117) 0.508
Biological sex (female) 20.941 (0.227) ,0.001*
ILR1 (proportion) 0.350 (0.114) 0.003*

cMSy, model 2, MEM F(2,51) 5 16.7 0.40 ,0.001*
Biological sex (female) 20.979 (0.218) ,0.001*
ILR1 (proportion) 0.368 (0.110) 0.002*

Data are results ofmultivariable analysismodels of cMSy.Model 1 uses standardmeans of activity
levels as predictors, while model 2 uses compositional means. Standard deviations are in
parentheses. F, F-statistic; MEM, minimal effective model; R2, coefficient of determination; b,
b-coefficient. *P value ,0.05.

Figure 2—Association between cMSy and ILR1; ILR1 is a measure of the time spent sedentary as
comparedwith all other nonsedentary behaviors. In our final model, the only significant predictor
variables for ILR1 were biological sex (mean6 SE standardized b 0.9796 0.218, P, 0.001) and
ILR1 (standardized b 0.367 6 0.110, P 5 0.002).
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triglyceride hydrolysis results in an in-
crease in plasma triglyceride levels, as
well as a reduction in HDL cholesterol
levels (32).
Previous investigations of older life-

long athletes have demonstrated that,
along with higher aerobic capacity, they
have higher levels of skeletal intramyo-
cellular lipids (33) and higher mitochon-
drial content (34). Lower mitochondrial
content is associated with increased in-
sulin resistance that is not considered to
be due to age per se but instead shows a
tight relationship with aerobic capacity
(35) (as measured by maximal oxygen
uptake, oneof the strongestpredictorsof
mortality in older adults [36]). Although
our subjects were obviously extremely
active, ST was still associated with higher
cMSy, possibly through an impact on
maximal oxygen uptake, although this
was not measured in our study. Subjects
with higher cMSy (Fig. 1) had clearly
shifted time away from physical activity
to increase ST, which might have had an
impact on aerobic fitness.

Clinical Implications
There is increasing consensus supporting
a continuous score instead of a binary
definition of metabolic syndrome. Not
only is it well established that dichoto-
mizing continuous outcome variables re-
duces statistical power, but also other
work has shown that both diabetes risk
and cardiovascular disease risk increase
progressively with an increasing number
of metabolic syndrome risk factors (37).
In fact, an increase in 1 unit of cMSy
(approximately the difference in the
mean cMSy between our upper met-
abolic risk and lower metabolic risk groups)
was found prospectively to have a harm
ratio of 1.56 for cardiovascular events
when subjects were followed prospec-
tively (38).
The benefits of exercise with respect

to successful aging is well established in
older adults (39). Our study shows, how-
ever, that even older adults that meet
current weekly physical activity recom-
mendations on a daily basis still spend a
significant quantity (.9 h) of the day
completely sedentary. Some of these
findingsmightmerely reflect the fact that
older athletes require longer recovery
times than older adults who are active
at lower intensity levels. Subjects in the
upper half of ST spent ;1.5 more hours
per day engaged in sedentary behavior,

and this was associated with a higher
cMSy score due to higher waist circum-
ferences, higher triglycerides, and lower
HDL levels. These findings suggest that
even very active older adults should have
a further assessment of sedentary be-
haviors and attempts made to reduce
time spent sitting.

Limitations and Future Research
The cross-sectional nature of our study
limits our ability to infer causality. Any
potential mechanisms linking ST to in-
creases in the components that make up
cMSy are purely speculative and require
further study. The SenseWear device has
some limitations compared with other
devices (such as activePAL); specifically,
the SenseWear device underestimates
energy expenditure during exercise at
high-intensity levels (40). In addition, we
did not have any measures of maximal
oxygenuptake inour subjects. TheSense-
Wear device also has been shown to
underestimate the amount of time spent
at a vigorous activity level (for the pur-
poses of our compositional analysis, time
spent in moderate and vigorous activity
was combined into a single variable,MT).
Our study did not take into account any
dietary/energy intake measures. More
prospective studies need to be com-
pleted for determination of whether re-
ducing sedentary behaviors will alter the
development of metabolic syndrome in
older adults or improve cardiometabolic
risks in this population. In addition, the
population studied was much more ac-
tive than the broader older adult pop-
ulations, so our findings might not be
generalizable to all older adults.

Main Conclusions
Even in an extremely active older adult
population, increased time spent seden-
tary was associated with an increase in
cardiometabolic risk as measured by
cMSy.
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