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In an attempt to combat the global burden of cardiovascular disease
(CVD), Valentin Fuster's research group has demonstrated that suc-
cessful lifestyle modifications can be taught to and implemented in
children as young as preschool age [1,2]. This has bolstered hope that
primordial prevention of CVD can be applied very early on and lead to
overall improved population health as these children become adults.
For those children beyond the 3-5 year age range, however, there is still
a significant role for improving modifiable CVD risk factors. Physical
activity (PA) and dietary modifications are the most common targets for
interventions in children as well as adults, with the benefit that unlike
adults, children in school systems may be more amenable to interven-
tion programs focusing on these factors.

Indeed, the field of PA as it relates to CVD risk related metabolic
profiles in children has been active for about forty years. While it is well
known that decreased PA is associated with increased obesity and
cardio-metabolic risk factors in youth [3-5], given multiple different
study designs and measures, the optimal intensity or duration of ex-
ercise needed for long-term benefit is still unknown [3,6-8]. In addi-
tion, what may be optimal in preschoolers may not apply as children
enter and travel through adolescence into early adulthood. The re-
lationship of PA with age and sex, additionally, needs to be studied
further, as we start recommending interventions at increasingly
younger ages.

In this issue of Atherosclerosis, authors Jones et al. assess the cross-
sectional association between detailed lipoprotein profiles measured by
nuclear magnetic resonance (NMR) spectroscopy with levels of PA and
sedentary time in children enrolled in the Active Smarter Kids (ASK)
study, to better understand the mechanisms by which PA may improve
multiple metabolic parameters [9]. Prior findings from the same re-
search group demonstrated that moderate to vigorous PA (MVPA) is
prospectively and inversely associated with cardiometabolic risk factors
in otherwise healthy children. In contrast, sedentary time in children
appeared to be unrelated to individual or clustered risk (where
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clustered risk relates to clusters of risk factors found in subgroups of
otherwise healthy children) [8,10]. How the lipoprotein profiles in
children relate to associations with PA and sedentary time, illustrates
the novel aspects of this study.

Triglyceride-rich lipoproteins (TRLPs) comprise a spectrum of li-
poprotein subfractions, namely chylomicrons, very low-density lipo-
protein (VLDL), and intermediate density lipoprotein (IDL). In the
1970s, Zilversmit, one of the early proponents of TRLP related risk,
conducted a series of animal studies suggesting that increased levels of
and prolonged arterial exposure to TRLPs, specifically chylomicron
remnants and VLDL, may be causally related to subsequent ather-
ogenesis in the arterial intimal wall [11,12]. Recently, investigation of
TRLP related risk has experienced a renaissance, with studies now de-
monstrating that increased TRLP levels confer increased CVD risk in-
dependently of low-density lipoprotein cholesterol (LDL-C) levels or
LDL-C reduction [13]. In addition, genetic studies suggest that lifelong
high plasma concentrations of TRLPs or their remnants are causally
related to an increased risk of coronary heart disease [14]. In this re-
gard, the effect of exercise on lipoprotein subfractions is of key interest
and has been previously studied in adults. A relatively recent meta-
analysis by Sarzynski et al. assessed NMR spectroscopy measured li-
poprotein subfractions from 6 different exercise intervention studies in
adults (10 different interventions in total) and concluded that regular
physical activity shifts lipoprotein subfractions into a more favorable
pattern with respect to CVD risk. In that analysis, large sized VLDL
particle concentration and small sized LDL particle concentrations were
decreased whereas large sized HDL and LDL particles were increased
with regular exercise (at least 3 sessions/week of minimum 50% VO2
max intensity) [15] Furthermore, studies in apparently healthy adult
populations have found this particular lipoprotein pattern (that is
modified by PA) to be related to future cardiovascular events [16].

The authors of the present study sought to assess if similar favorable
patterns were associated with MVPA in otherwise healthy children
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participating in the ASK study. The ASK study was a seven month
cluster randomized controlled trial designed to assess the effect of PA
interventions in a school setting on academic performance and different
health indices in consenting 5th grade, Norwegian school children [17].
It is important to note that the study design for the present analysis was
cross-sectional and not longitudinal, as in the original trial. All blood
samples were drawn at baseline before any exercise intervention and
similarly accelerometer data was also obtained at baseline. Well known,
Evenson cutpoints were used to categorize accelerometer measured
baseline activity level into sedentary time (<100 counts/min), light
physical activity (> 100 to < 2296 counts/min) and MVPA (=2296
counts/min). Since the authors were interested in the effect of exercise,
PA variables were further defined in terms of unit increments; where
one-unit increment represented 30 minutes of activity of any type. In
addition, prior to regression analysis, lipoprotein measures were scaled
to standard deviation (SD) units such that the regression coefficients
presented represent an SD unit increment in lipoprotein measures per
unit (30-min) increment in PA. Finally, time-use data, such as that used
in this study, are limited to a total number of hours per day and so
durations of sedentary behavior and physical activity constitute pro-
portions of a complete day. In statistical terms, time-use data such as PA
can be considered compositional data. Compositional isotemporal
substitution is a method applied to estimate change in a health outcome
when fixed durations of time are reallocated from one particular time-
use composition component to another. In this form of analysis, re-
maining components are kept constant based on a multiple linear re-
gression model on isometric log ratio coordinates [18]. In this present
study, isotemporal substitution was used to model how replacing 30
minutes of sedentary time with 30 minutes of MVPA may affect the
cross-sectional association with lipoprotein measures, likely as a way to
further guide physical activity recommendations for school aged chil-
dren.

In general, the authors’ findings support their conclusion that higher
levels of PA were associated with more favorable lipoprotein profiles in
the student participants of this study, independent of sedentary time.
Most notably, the predominant favorable associations with MVPA were
in decreased levels of apolipoprotein-B containing particles, in parti-
cular, the TRLP chylomicrons and VLDL subfractions. After adjusting
for adiposity, the results somewhat attenuated although small inverse
associations remained between MVPA and several TRLP measures (in-
cluding large and medium sized VLDL particle concentrations, among
others). At the same time, larger average LDL and high-density lipo-
protein (HDL) particle sizes were positively associated with MVPA. In
addition, medium sized HDL and HDL cholesterol (HDL-C) remained
positively associated with MVPA in adiposity-adjusted models. Similar
patterns were seen in the isotemporal substitution model.

While it is tempting to infer that MVPA in children has a direct
favorable effect on atherogenic lipoproteins, and while this may indeed
be true, we cannot conclude this from these particular cross-sectional
data. In addition, important lifestyle information such as dietary habits
and genetic details are not available for these children. It is possible
that those with higher MVPA also had other healthy behaviors such as
nutritionally sound overall diets, less television time, and increased
cardiorespiratory fitness (the latter two being suggested as independent
risk factors in some studies) [3,19] as well as favorable genetic profiles.
Some other limitations of the study include the fact that the population
is restricted to students in Norway, who were fairly active at baseline.
This would limit generalizability somewhat, especially for populations
where other negative factors such as air pollution may attenuate ben-
efits conferred by out-door exercise.

Despite the above, this study highlights the important interplay
between exercise, adiposity, and lipoprotein metabolism in children.
The study had a large sample size and objective, valid method for PA
assessment. Furthermore, the results are consistent with expectations
based on previous findings in adults. A longitudinal study that ad-
dresses the question of dose of MVPA needed in different subgroups and
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how this translates into adult behavior/health would be challenging but
still very much needed. In the meantime, we recommend that both
children and adults take more extra runs around the track on a regular
basis.

Conflict of interest

Dr. Farukhi has no disclosures.

Dr. Mora has received institutional research grant support from
Atherotech Diagnostics, served as consultant to Pfizer and Quest
Diagnostics, and is listed as a co-inventor on a patent for biomarker-
based prediction of colorectal cancer incidence and mortality.

Financial support

Dr. Farukhi was supported by the National Heart, Lung, and Blood
Institute (NHLBI, T32 HL007575). Dr. Mora has received institutional
research grant support from the NHLBI (RO1HL117861 and
K24HL136852) and the National Institute of Diabetes and Digestive and
Kidney Diseases (DK112940).

References

[1] J. Cespedes, G. Briceno, M.E. Farkouh, et al., Targeting preschool children to pro-
mote cardiovascular health: cluster randomized trial, Am. J. Med. 126 (1) (2013)
27-35 e23. [PubMed: 23062403].

J.L. Pefialvo, M. Sotos-Prieto, G. Santos-Beneit, S. Pocock, J. Redondo, V. Fuster,
The Program SI! intervention for enhancing a healthy lifestyle in preschoolers: first
results from a cluster randomized trial, BMC Public Health 13 (2013 Dec 20) 1208,
https://doi.org/10.1186,/1471-2458-13-1208.

A.R. Barker, L. Gracia-Marco, J.R. Ruiz, M.J. Castillo, R. Aparicio-Ugarriza,

M. Gonzélez-Gross, A. Kafatos, O. Androutsos, A. Polito, D. Molnar, K. Widhalm,
L.A. Moreno, Physical activity, sedentary time, TV viewing, physical fitness and
cardiovascular disease risk in adolescents: the HELENA study, Int. J. Cardiol. 254
(2018 Mar 1) 303-309, https://doi.org/10.1016/j.ijcard.2017.11.080.

L.B. Andersen, M. Harro, L.B. Sardinha, K. Froberg, U. Ekelund, S. Brage,

S.A. Anderssen, Physical activity and clustered cardiovascular risk in children: a
cross-sectional study (The European Youth Heart Study), Lancet 368 (9532) (2006
Jul 22) 299-304.

L.B. Andersen, C. Riddoch, S. Kriemler, A.P. Hills, Physical activity and cardio-
vascular risk factors in children, Br. J. Sports Med. 45 (11) (2011 Sep) 871-876,
https://doi.org/10.1136/bjsports-2011-090333.

V. Carson, R.L. Rinaldi, B. Torrance, K. Maximova, G.D. Ball, S.R. Majumdar, et al.,
Vigorous physical activity and longitudinal associations with cardiometabolic risk
factors in youth, Int. J. Obes. 38 (1) (2014) 16-21.

G.K. Resaland, E. Aadland, A.K.O. Nilsen, J.B. Bartholomew, L.B. Andersen,

S.A. Anderssen, The effect of a two-year school-based daily physical activity in-
tervention on a clustered CVD risk factor score-The Sogndal school-intervention
study, Scand. J. Med. Sci. Sports 28 (3) (2018 Mar) 1027-1035, https://doi.org/10.
1111/sms.12955 Epub 2017 Sep. 18.

T. Skrede, M. Stavnsbo, E. Aadland, K.N. Aadland, S.A. Anderssen, G.K. Resaland,
U. Ekelund, Moderate-to-vigorous physical activity, but not sedentary time, predicts
changes in cardiometabolic risk factors in 10-y-old children: the Active Smarter
Kids Study, Am. J. Clin. Nutr. 105 (6) (2017 Jun) 1391-1398, https://doi.org/10.
3945/ajcn.116.150540.

PR Jones, T. Rajalahti, GK Resaland, E. Asdland, J. Steene-Johannessen, TF Bathen,
T. Andreassen, OM Kvalheim, U. Ekelund, Associations of Physical Activity and
Sedentary Time with Lipoprotein Subclasses in Norweigan Schoolchildren: the
Active Smarter Kids (ASK) Study, Atherosclerosis 288 (2019) 186-193.

L.B. Andersen, J.B. Lauersen, J.C. Brond, S.A. Anderssen, L.B. Sardinha, J. Steene-
Johannessen, R.G. McMurray, M.V. Barros, S. Kriemler, N.C. Moller, A. Bugge,
P.L. Kristensen, M. Ried-Larsen, A. Grontved, U. Ekelund, A new approach to define
and diagnose cardiometabolic disorder in children, J. Diabetes Res. 2015 (2015)
539835.

D.B. Zilversmit, Atherogenesis: a postprandial phenomenon, Circulation 60 (1979)
473-485.

D.B. Zilversmit, Role of triglyceride-rich lipoproteins in atherogenesis, Ann. N. Y.
Acad. Sci. 275 (1976) 138-144.

P.R. Lawler, A.O. Akinkuolie, P. Harada, R.J. Glynn, D.I. Chasman, P.M. Ridker,
S. Mora, Residual risk of atherosclerotic cardiovascular events in relation to re-
ductions in very-low-density lipoproteins, J. Am. Heart Assoc. 6 (12) (2017 Dec 9)
007402, , https://doi.org/10.1161/JAHA.117.007402.

J. Crosby, G.M. Peloso, P.L. Auer, D.R. Crosslin, N.O. Stitziel, L.A. Lange, Y. Lu,
Z.Z. Tang, H. Zhang, G. Hindy, N. Masca, K. Stirrups, S. Kanoni, R. Do, G. Jun,

Y. Hu, H.M. Kang, C. Xue, A. Goel, M. Farrall, S. Duga, P.A. Merlini, R. Asselta,
D. Girelli, O. Olivieri, N. Martinelli, W. Yin, D. Reilly, E. Speliotes, C.S. Fox,

K. Hveem, O.L. Holmen, M. Nikpay, D.N. Farlow, T.L. Assimes, N. Franceschini,
J. Robinson, K.E. North, L.W. Martin, M. DePristo, N. Gupta, S.A. Escher,

J.H. Jansson, N. Van Zuydam, C.N. Palmer, N. Wareham, W. Koch, T. Meitinger,

[2]

[3]

[4]

[5]

[6]

[7

[8

[91]

[10]

[11]
[12]

[13]

[14]


http://refhub.elsevier.com/S0021-9150(19)31388-7/sref1
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref1
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref1
https://doi.org/10.1186/1471-2458-13-1208
https://doi.org/10.1016/j.ijcard.2017.11.080
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref4
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref4
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref4
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref4
https://doi.org/10.1136/bjsports-2011-090333
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref6
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref6
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref6
https://doi.org/10.1111/sms.12955
https://doi.org/10.1111/sms.12955
https://doi.org/10.3945/ajcn.116.150540
https://doi.org/10.3945/ajcn.116.150540
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref9
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref9
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref9
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref9
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref10
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref10
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref10
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref10
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref10
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref11
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref11
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref12
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref12
https://doi.org/10.1161/JAHA.117.007402
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14

Editorial

[15]

[16]

[17]

A. Peters, W. Lieb, R. Erbel, I.R. Konig, J. Kruppa, F. Degenhardt, O. Gottesman,
E.P. Bottinger, C.J. O'Donnell, B.M. Psaty, C.M. Ballantyne, G. Abecasis,

J.M. Ordovas, O. Melander, H. Watkins, M. Orho-Melander, D. Ardissino, R.J. Loos,
R. McPherson, C.J. Willer, J. Erdmann, A.S. Hall, N.J. Samani, P. Deloukas,

H. Schunkert, J.G. Wilson, C. Kooperberg, S.S. Rich, R.P. Tracy, D.Y. Lin,

D. Altshuler, S. Gabriel, D.A. Nickerson, G.P. Jarvik, L.A. Cupples, A.P. Reiner,

E. Boerwinkle, S. Kathiresan, Loss-of-function mutations in APOC3, triglycerides,
and coronary disease.TG and HDL working group of the exome sequencing project,
national heart, Lung, and blood Institute, N. Engl. J. Med. 371 (1) (2014 Jul 3)
22-31.

M.A. Sarzynski, J. Burton, T. Rankinen, S.N. Blair, T.S. Church, J.P. Després,

J.M. Hagberg, R. Landers-Ramos, A.S. Leon, C.R. Mikus, D.C. Rao, R.L. Seip,

J.S. Skinner, C.A. Slentz, P.D. Thompson, K.R. Wilund, W.E. Kraus, C. Bouchard,
The effects of exercise on the lipoprotein subclass profile: a meta-analysis of 10
interventions, Atherosclerosis 243 (2) (2015 Dec) 364-372, https://doi.org/10.
1016/j.atherosclerosis.2015.10.018.

S. Mora, J.D. Otvos, N. Rifai, R.S. Rosenson, J.E. Buring, P.M. Ridker, Lipoprotein
particle profiles by nuclear magnetic resonance compared with standard lipids and
apolipoproteins in predicting incident cardiovascular disease in women, Circulation
119 (7) (2009 Feb 24) 931-939, https://doi.org/10.1161/CIRCULATIONAHA.108.
816181.

G.K. Resaland, V.F. Moe, E. Aadland, J. Steene-Johannessen, O. Glosvik,

J.R. Andersen, O.M. Kvalheim, H.A. McKay, S.A. Anderssen, Active Smarter Kids
(ASK): rationale and design of a cluster-randomized controlled trial investigating
the effects of daily physical activity on children's academic performance and risk

[18]

[19]

Atherosclerosis 288 (2019) 160-162

factors for noncommunicable diseases, BMC Public Health 15 (2015) 709.

D. Dumuid, Pedi3i¢ Z, T.E. Stanford, J.A. Martin-Fernandez, K. Hron, C.A. Maher,
L.K. Lewis, T. Olds, The compositional isotemporal substitution model: a method for
estimating changes in a health outcome for reallocation of time between sleep,
physical activity and sedentary behaviour, Stat. Methods Med. Res. 28 (3) (2019
Mar) 846-857, https://doi.org/10.1177/0962280217737805.

W.1 Byun, M. Dowda, R.R. Pate, Associations between screen-based sedentary be-
havior and cardiovascular disease risk factors in Korean youth, J. Korean Med. Sci.
27 (4) (2012 Apr) 388-394, https://doi.org/10.3346/jkms.2012.27.4.388 Epub
2012 Mar 21.

Zareen Farukhi

Center for Lipid Metabolomics, Division of Preventive Medicine, Brigham

and Women's Hospital, Harvard Medical School, Boston, MA, USA

Samia Mora”

Center for Lipid Metabolomics, Division of Preventive Medicine, Brigham

and Women's Hospital, Harvard Medical School, Boston, MA, USA

Division of Cardiovascular Medicine, Department of Medicine, Brigham and

Women's Hospital and Harvard Medical School, Boston, MA, USA
E-mail address: smora@bwh.harvard.edu.

* Corresponding author. Center for Lipid Metabolomics, 900 Commonwealth Avenue E, Boston, MA, 02215, USA.

162


http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref14
https://doi.org/10.1016/j.atherosclerosis.2015.10.018
https://doi.org/10.1016/j.atherosclerosis.2015.10.018
https://doi.org/10.1161/CIRCULATIONAHA.108.816181
https://doi.org/10.1161/CIRCULATIONAHA.108.816181
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref17
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref17
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref17
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref17
http://refhub.elsevier.com/S0021-9150(19)31388-7/sref17
https://doi.org/10.1177/0962280217737805
https://doi.org/10.3346/jkms.2012.27.4.388
https://doi.org/10.3346/jkms.2012.27.4.388
mailto:smora@bwh.harvard.edu

	A little more time around the track may go a long way: Implications of increasing moderate to vigorous physical activity in pre-adolescents
	Conflict of interest
	Financial support
	References




