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ABSTRACT KEYWORDS

We investigated the associations of physical activity (PA), sedentary time (ST), and diet quality with Inflammation; biomarkers;
biomarkers of inflammation in 390 children (192 girls, 198 boys) aged 6-8 years. PA energy youth; exercise; nutrition;
expenditure (PAEE), light PA, moderate PA (MPA), vigorous PA (VPA), moderate-to-vigorous PA obesity

(MVPA), and ST were assessed by combined movement and heart rate sensor. Finnish Children

Healthy Eating Index was calculated using data from 4 d food records. Body fat percentage (BF

%) was measured by dual-energy X-ray absorptiometry. High-sensitivity C-reactive protein (Hs-

CRP), leptin, interleukin-6 (IL-6), adiponectin, tumour necrosis factor-a, and glycoprotein acetyls

were measured from fasting blood samples. PAEE, MPA, VPA, and MVPA were inversely

associated with hs-CRP (f=—191 to —139, 95% Cl=—0.294 to —0.024), leptin (f=—0.409 to

—0.301, 95% CI=-0.499 to —0.107), IL-6 (B=—0.136 to —0.104, 95% Cl=—0.240 to —0.001) and

PAEE, MPA, and MVPA were inversely associated with glycoprotein acetyls (3=—0.117 to —0.103,

95% Cl=—0.213 to —0.001). ST was directly associated with hs-CRP ($=0.170, 95% CI=0.070-

0.269), leptin ($=0.355, 95% Cl=0.265-0.445), and IL-6 (=0.105, 95% CI=0.005-0.205). VPA was

inversely associated with hs-CRP, leptin, and IL-6 in children with higher BF% (3=—0.344 to

—0.181, 95% Cl=—0.477 to —0.033) but not among children with lower BF% (=—0.007-0.033,

95% Cl=—0.183-0.184). In conclusion, PA was inversely and ST directly associated with

circulating levels of biomarkers of inflammation among children. Furthermore, we observed that

PA was inversely associated with these biomarkers for inflammation in children with a higher BF%.

Abbreviations: BF%: Body fat percentage; BMI: Body mass index; BMI-SDS: Body mass index
standard deviation score; FCHEI: Finnish Children Healthy Eating Index; Hs-CRP: High-sensitivity
C-reactive protein; IL-6: Interleukin-6; MET: Metabolic Equivalent of Task; PA: Physical activity;
PANIC: Physical Activity and Nutrition in Children Study; ST: Sedentary time; TNF-a: Tumour
necrosis factor a.

Highlights

o Systemic inflammation, as indicated by increased circulating concentrations of biomarkers for
inflammation, may be important in causal pathways leading to insulin resistance, sub-clinical
atherosclerosis, and eventually clinical manifestations of cardiovascular diseases.

o Higher levels of physical activity and lower levels of sedentary time were associated with more
favourable inflammatory profile.

» Body fat percentage modified these associations and especially vigorous intensity physical activity
was inversely associated with biomarkers of inflammation on children with higher body fat
percentage but not in children with lower body fat percentage.
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Introduction

The prevalence of paediatric obesity is increasing in most
parts of the world, predisposing children to increased risk
for type 2 diabetes and cardiovascular diseases already in
childhood (Juonala et al., 2011). Furthermore, few chil-
dren meet the recommended levels of physical activity
(PA) (Cooper et al., 2015; Guinhouya, Samouda, & de
Beaufort, 2013) and adhere to the dietary recommen-
dations (Banfield et al., 2016; Eloranta et al., 2011). Phys-
ical inactivity (Wahid et al, 2016) and poor diet quality
(Rodriguez-Monforte, Flores-Mateo, & Sanchez, 2015)
have been found to increase the risk of type 2 diabetes
and cardiovascular diseases in adults. Importantly, patho-
logical process leading to these cardiometabolic diseases
begin already in childhood (Steinberger et al., 2016). Tra-
ditional cardiometabolic risk factors, such as overweight,
insulin resistance, and dyslipidaemia, have been associ-
ated with increased risk of type 2 diabetes and sub-clinical
atherosclerosis and cardiovascular diseases in adulthood
(Baigent et al.,, 2020; Magnussen et al.,, 2010). However,
recent evidence suggests that systemic inflammation, as
indicated by increased circulating concentrations of bio-
markers for inflammation, may be important in causal
pathways leading to insulin resistance, sub-clinical ather-
osclerosis, and eventually clinical manifestations of cardi-
ovascular diseases (Gleeson et al., 2011).

Obese children have been found to have higher circu-
lating levels of biomarkers of low-grade inflammation
than their normal-weight peers (Lund et al., 2020). Further-
more, higher levels of PA and better diet quality, as indi-
cated by a higher consumption of fruits, vegetables,
berries, vegetable oils, and fish and low consumption of
foods containing high amount of sugar, have been associ-
ated with lower levels of traditional cardiometabolic risk
factors already in children (Eloranta et al., 2016; Poitras
et al.,, 2016). Even if some of the associations of PA and
diet quality with biomarkers for inflammation may be
modified by fat mass, it has been suggested that increased
PA and improved diet quality are independently associ-
ated with decreased systemic inflammation. There are
few studies on the associations of PA and diet quality
with biomarkers for inflammation in general populations
of children and the observed associations have been
weak (Poitras et al., 2016). Furthermore, screen time, com-
monly defined as time spent in TV viewing, and sedentary
time (ST) assessed by accelerometers, has been directly
associated with circulating levels of high-sensitivity C-reac-
tive protein (hs-CRP) (Carson & Janssen, 2011; Gabel et al.,
2016) but not with interleukin 6 (IL-6), adiponectin, or
tumour necrosis factor-a (TNF-a) in children and adoles-
cents (Gabel et al, 2016). The results of intervention
studies in obese children suggest that exercise training

has a potential to reduce circulating levels of hs-CRP
(Han et al., 2019), leptin, and IL-6 (Sirico et al.,, 2018) and
increase circulating levels of adiponectin (Garcia-
Hermoso et al.,, 2017; Sirico et al., 2018). Evidence on the
effects of exercise training on individual biomarkers of
inflammation is still mixed and most of the studies addres-
sing this issue have been performed among overweight or
obese children (Garcia-Hermoso et al.,, 2017; Han et al,,
2019; Sirico et al., 2018). These contradictory observations
may be due to differences in exercise intensity or in the
reduction of fat mass in response to exercise training
(Garcia-Hermoso et al., 2017).

Healthy dietary patterns have been associated with
decreased circulating levels of hs-CRP in adults (Norde,
Collese, Giovannucci, & Rogero, 2021), but evidence on
the role of diet quality indices in systemic low-grade
inflammation in children is limited and mixed. Liese
et al. found no associations of diet quality indices with
biomarkers for inflammation, such as hs-CRP and IL-6, in
youth with type 1 diabetes mellitus (Liese et al., 2018).
Nevertheless, Saneei et al. observed that a dietary inter-
vention reduced hs-CRP, but had no effect on IL-6, adipo-
nectin, or TNF-a in adolescents with metabolic syndrome
(Saneei, Hashemipour, Kelishadi, & Esmaillzadeh, 2014).
Moreover, some studies have reported a weak if any
effect of a combined exercise and diet intervention on
hs-CRP and TNF-a (Bliiher et al., 2014). Nevertheless,
two-week intensive combined diet and exercise interven-
tion decreased circulating levels of leptin, IL-6, and TNF-a
and to increase adiponectin in normal weight and obese
children and youth aged 8-17 years independent of
changes in waist circumference, body weight, or body
mass index (BMI) (Roberts, lzadpanah, Angadi, &
Barnard, 2013). Interestingly, dietary intervention or a
combined dietary and exercise intervention increased
serum adiponectin but a moderate intensity exercise
intervention alone decreased it over 12 weeks among
obese children (Shalitin et al., 2009). In addition, a com-
bined exercise, diet, and behavioural intervention has
been found to increase adiponectin and decrease hs-
CRP but not IL-6 and leptin in obese children (Nemet,
Oren, Pantanowitz, & Eliakim, 2013). There is also some
evidence that diet quality modifies the association
between screen time and biomarkers for inflammation
in adolescents (Arouca et al, 2019). However, little is
known about the possible modifying effects of diet
quality or body fat percentage (BF%) on the associations
of PA with biomarkers for inflammation in general popu-
lations of children. Furthermore, there are no previous
studies on the associations of PA and diet quality with gly-
coprotein acetyls in children. Increased level of glyco-
protein acetyls, assessed by nuclear magnetic
resonance (NMR) spectroscopy, is a composite biomarker



of systemic inflammation that have been independently
associated with increased risk of type 2 diabetes, cardio-
vascular diseases, cardiovascular mortality (Connelly
et al,, 2017; Kettunen et al., 2018).

We investigated the associations of ST, screen time,
PA at different intensities, and diet quality with bio-
markers for inflammation, including hs-CRP, leptin, IL-6,
adiponectin, TNF-q, and glycoprotein acetyls, in a popu-
lation sample of children. We also investigated the mod-
ifying effect of BF% on these associations. Finally, we
studied the modifying effect of diet quality on the
associations of ST, screen time, and PA at different inten-
sities with these biomarkers of inflammation.

Methods
Study design and study participants

The present data are from the Physical Activity and Nutri-
tion in Children (PANIC) Study, which is an 8-year physical
activity and dietary intervention study and a long-term
follow-up study in a population sample of children from
the city of Kuopio, Finland (Eloranta et al., 2011). The
Research Ethics Committee of the Hospital District of
Northern Savo approved the study protocol in 2006
(Statement 69/2006). The parents or caregivers of the chil-
dren gave their written informed consent, and the chil-
dren provided their assent to participation. The PANIC
study has been carried out in accordance with the prin-
ciples of the Declaration of Helsinki as revised in 2008.
Altogether 736 children 6-8 years of age from
primary schools of Kuopio were invited to participate
in the baseline examination in 2007-2009. A total of
512 children, who represented 70% of those invited, par-
ticipated in the baseline examinations. Six children were
excluded from the study at baseline because of physical
disabilities that could hamper participation in the inter-
vention or no time or motivation to attend the study.
The participants did not differ in sex distribution, age,
or BMI standard deviation score (BMI-SDS) from all chil-
dren who started the first grade in 2007-2009 based
on data from the standard school health examinations
performed for all Finnish children before the first grade
(data not shown). Complete data on variables used in
the analyses on the associations of ST, media time, PA,
and diet quality with inflammatory biomarkers were
available for 390 children (192 girls, 198 boys).

Assessment of body size, body composition, and
pubertal status

Body weight was measured twice with the children
having fasted for 12 h, emptied the bladder, and standing
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in light underwear using a weight scale integrated into a
calibrated InBody® 720 bioelectrical impedance device
(Biospace, Seoul, South Korea) to an accuracy of 0.1 kg.
The mean of these two values was used in the analyses.
Stature was measured three times with the children
standing in the Frankfurt plane without shoes using a
wall-mounted stadiometer to an accuracy of 0.1 cm.
The mean of the nearest two values was used in the ana-
lyses. BMI was calculated by dividing weight (kg) by
stature (m) squared. BMI-SDS was calculated based on
Finnish reference data (Saari et al., 2011). The prevalence
of overweight and obesity was defined using the cut-off
values provided by Cole et al. (2000). Body fat percentage
(BF%) was measured by the Lunar® dual-energy X-ray
absorptiometry device (GE Medical Systems, Madison,
WI, USA) using a standardised protocol.

A research physician assessed pubertal status using a
5-stage scale described by Marshall and Tanner (1969,
1970). Boys were defined as having entered clinical
puberty if their testicular volume assessed by an orchid-
ometer was >4 mL (stage >2). Girls were defined having
entered clinical puberty if their breast development had
started (stage >2).

Assessment of biomarkers for inflammation

Venous blood samples were taken the children having
fasted for 12 h. Blood was immediately centrifuged
and stored at a temperature of —75°C until biochemical
analyses. Plasma hs-CRP was measured using an
enhanced immunoturbidimetric assay with the CRP
(Latex) High Sensitive Assay reagent (Roche Diagnostics
GmbH, Mannheim, Germany) and the limit of quanti-
tation of 0.3 mg/l. Plasma leptin concentration was
measured by a competitive radioimmunoassay (Multi-
gamma 1261-001, PerkinElmer Wallac Oy, Turku,
Finland). Commercially available ELISA kits were
employed for the measurement of plasma IL-6 and
TNF-a concentrations (Sanquin Reagents, Amsterdam,
The Netherlands). Serum high-molecular-weight adipo-
nectin concentration was analysed using an ELISA kit
after a specific proteolytic digestion of other multimeric
adiponectin forms (Millipore, Billerica, MA, USA). The
Nightingale high-throughput NMR metabolomics plat-
form was used to quantify plasma glycoprotein acetyls
(Soininen et al., 2015).

Assessment of sedentary time and physical
activity

ST and PA were assessed using a combined heart rate and
movement sensor (Actiheart®, CamNtech Ltd., Papworth,
UK) for a minimum of four consecutive days without
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interruption, including two weekdays and two weekend
days, analysed in 60 s epochs (Brage et al., 2005; Collings
et al, 2017). The combined heart rate and movement
sensor was attached to the child’s chest with two stan-
dard eletrocardiogram electrodes (Bio Protech Inc,
Wonju, South Korea). The children were asked to wear
the monitor continuously, including sleep and water-
based activities, and not to change their usual behaviour
during the monitoring period. Data on heart rate were
cleaned and individually calibrated with parameters
from the maximal exercise test and combined with move-
ment sensor data to derive PA energy expenditure (PAEE).
Instantaneous physical activity energy expenditure
(PAEE), i.e. PA intensity, was estimated using branched
equation modelling as explained, in detail earlier (Brage
et al, 2007) and summarised as daily PA volume
(k)-day~'-/kg™") and time spent at certain levels of stan-
dard metabolic equivalents of task (METs) in minutes
per day, weighting all hours of the day equally to
reduce diurnal bias caused by imbalances in wear-time.
Initially, the summarised data included 25 narrowly
defined intensity categories. For the present analyses,
we re-categorised these intensity categories into a
broader format of sedentary time (<1.5 METs), light PA
(1.5-4 METs), moderate PA (>4-7 METs), vigorous PA (>7
METs) and MVPA (>4 METs), which have been commonly
applied in investigations of PA among children and
youth. In order to estimate the time spent sedentary
whilst awake, we subtracted average daily sleep duration
from total ST. We only included children who had
sufficient valid data, i.e. a recording period of at least 48
h of wear data with the additional requirement that
enough data were included from all four quadrants of a
24 h day to avoid bias from over-representation of
specific parts of days (Brage et al., 2013). This resulted in
at least 12 h of wear data from morning (3 am - 9 am),
noon (9 am - 3 pm), afternoon / evening (3 pm - 9 pm),
and night (9 pm - 3 am). Screen time was assessed by
the PANIC Physical Activity Questionnaire filled out at
home by the parents or caregivers of the children.
Screen time included watching TV and videos, using a
computer and playing video games, and using a mobile
phone and playing mobile games. Screen time was calcu-
lated by summing up times spent in each type of screen
time and was expressed in hours per week weighted by
the numbers of weekdays and weekend days.

Assessment of diet quality

Food consumption and nutrient intake were assessed by
food records administered by the parents on four pre-
defined consecutive days, including two weekdays and
two weekend days (99.5% of participants) or three

week- days and one weekend day (0.5% of participants),
as described previously (Eloranta et al., 2011). The food
records were analysed using the Micro Nutrica dietary
analysis software, Version 2.5 (The Social Insurance Insti-
tution of Finland). We used the Finnish Children Healthy
Eating Index (FCHEI) as a measure of overall diet quality
(Kyttala et al., 2014). FCHEI summarises the consumption
of vegetables, fruit, and berries; vegetable oils and veg-
etable oil-based margarine; foods containing high
amounts of sugar; fish; and low-fat (<1%) milk based
on deciles of these dietary variables in the study popu-
lation. A higher scores indicate a better diet quality.

Other assessments

Parental education was used as a measure of socioeco-
nomic status. The parents were asked to report in a
questionnaire their completed or ongoing educational
degrees (vocational school or less, polytechnic or univer-
sity). The degree of the more educated parent was used
in the analyses.

Statistical methods

Statistical analyses were performed by the SPSS statisti-
cal software, version 25.0 (IBM corp. Armonk, NY, USA).
The characteristics of children between boys and girls
were compared using the Student’s t-test for normally
distributed continuous variables, the Mann-Whitney’s
U-test for continuous variables with skewed distri-
butions, or the x’-test for categorical variables. The
associations of ST, screen time, PA, and diet quality
with biomarkers for inflammation were investigated
using linear regression analyses adjusted for age and
sex. The data were further adjusted for BF% and parental
education. To study the modifying effect of BF% and
FCHEI, we dichotomised BF% using sex-specific
medians and FCHEI using a sample-specific median.
The modifying effect of BF% on the associations of ST,
media time, PA, and diet quality with biomarkers for
inflammation and modifying effect of FCHEI on the
associations of ST, media time, and PA with biomarkers
for inflammation were investigated using general
linear models adjusted for age and sex.

Results
Characteristics of children

Girls were shorter and lighter and had higher BF% than
boys (Table 1). Girls also accumulated less screen time,
MPA, and VPA, and had lower PAEE than boys. Moreover,
girls had higher leptin and lower IL-6 and TNF-a than boys.



Table 1. Characteristics of children.
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All Girls Boys P
Age (years) 7.6 (0.4) 7.6 (0.4) 7.7 (0.4) 0.171
Stature (cm) 128.8 (5.5) 127.6 (5.5) 129.9 (5.3) <0.001
Weight (kg) 259 (5.5) 25.4 (5.8) 26.8 (5.5) 0.011
Body mass index standard deviation score -0.21 (1.1) -0.22 (1.1) —-0.19 (1.1) 0.802
Body fat percentage (%) 18.9 (10.2)’ 20.3 (9.3) 15.9 (9.8) <0.001
Prevalence of overweight and obesity 82/36 94/3.6 7.1/35 0.705
Proportion of children entered to clinical puberty (%) 2.1 2.6 15 0.448
Sedentary time (min/d) 205 (171)" 211 (182) 203 (156) 0.117
Media time (min/d) 94.3 (62.1)" 86.8 (55.7) 98.6 (60.0) <0.001
Light physical activity (min/d) 510 (106) 518 (110) 503 (102) 0.170
Moderate physical activity (min/d) 81.4 (57.9) 73.0 (56.9) 86.7 (66.8) <0.001
Vigorous physical activity (min/d) 17.0 (27.5)" 12.0 (18.2) 23.0 (38.5) <0.001
Moderate-to-vigorous physical activity (min/d) 102 (83.4)" 88.6 (73.4) 128 (92.7) <0.001
Physical Activity Energy Expenditure (kJ/kg/d) 97.5 (31.8) 89.3 (28.3) 105 (33.1) <0.001
Finnish Children Healthy Eating Index 23.1 (7. 23.5 (6.5) 22.7 (7.7) 0.294
hS-CRP (mg/L) 0.3 (0. 0.29 (0.33) 0.29 (0.22) 0.052
Leptin (ng/mL) 3.7 (3. 43 (3.8) 3.1 (2.3) <0.001
Interleukin (IL)—6 (pg/mL) 0.9 (0. 0.8 (0.7) 1.1 (0.9) 0.005
High-molecular-weight adiponectin (ug/mL) 8.1 (5. 7.8 (5.5) 8.4 (5.5) 0.363
Tumour necrosis factor (TNF)-a (pg/mL) 15.8 (31.8)1 13.4 (27.5) 17.8 (36.3) 0.037
Glycoprotein acetyls (mmol/L) 0.76 (0.11) 0.76 (0.11) 0.76 (0.11) 0.759

Data are from the Student t-test or Mann-Whitney U test for continuous variables and from the Chi-square test for categorical variables and are displayed as

means (SD), medians (IQR), or percentages (%).

Associations of sedentary time, physical activity,
and diet quality with biomarkers for
inflammation

ST was directly and MPA, VPA, MVPA, and PAEE inversely
associated with hs-CRP and IL-6 after adjustment for age
and sex (Table 2). ST was directly and LPA, MPA, VPA,
MVPA, and PAEE inversely associated with leptin after
adjustment for age and sex. MPA, MVPA, and PAEE
were inversely associated with glycoprotein acetyls
after adjustment for age and sex. However, none of
these associations were statistically significant after
further adjustment for BF% (p=0.084-0.895). FCHEI was
not associated with biomarkers for inflammation after

adjustment for age and sex. BF% was directly associated
with hs-CRP, leptin, IL-6, and glycoprotein acetyls.
Further adjustment for parental education had no
effect on these associations.

Modifying effect of body fat percentage on the
associations of sedentary time, physical activity,
and diet quality with biomarkers for
inflammation

ST time directly associated with hs-CRP in children
with higher BF% ($=0.160, 95% CI=0.018-0.301,
p=0.027) but not among those with lower BF%

Table 2. Associations of sedentary time, physical activity, and diet quality with biomarkers for inflammation in children.

Tumour necrosis

Hs-CRP Leptin Interleukin-6 Adiponectin factor-a Glycoprotein acetyls
Media 0.062 (—0.040-0.164) —0.012 (—0.109-0.086)  0.014 (—0.088-0.115)  —0.046 (—0.148—  0.033 (—0.069- —0.057 (—0.159-0.045)
time 0.056) 0.134)
ST 0.170 (0.070-0.269)**  0.355 (0.265- 0.105 (0.005-0.205)* —0.030 (—0.131-  —0.033 (—0.133-  0.100 (0.000-0.201)
0.445)*** 0.070) 0.068)
LPA —0.070 (—0.171-0.030)  —0.201 (—0.295 to —0.036 (—0.136- 0.040 (—0.060— 0.061 (—0.039- —0.041 (—0.141-0.059)
—0.107)*** 0.064) 0.140) 0.161)
MPA —0.168 (—0.269 to —0.301 (—0.395 to —0.114 (—0.216 to 0.004 (—0.099- —0.030 (=0.132-  —0.103 (—0.205 to
—0.067)** —0.208)*** —0.013)* 0.106) 0.072) —0.001)*
VPA —0.139 (—0.233 to —0.318 (—0.414 to —0.107 (—0.211 to —0.053 (—=0.158-  —0.061 (-0.166-  —0.080 (—0.186-0.132)
—0.024)* —0.222)*** —0.002)* 0.052) 0.045)
MVPA —0.191 (—0.294 to —0.372 (—0.465 to —0.136 (—0.240 to —0.015 (=0.120-  —0.047 (-0.152-  —0.117 (—0.221 to
—0.088)*** —0.279)*** —0.033)* 0.090) 0.057) —0.013)*
PAEE —0.184 (—0.286 to —0.409 (—0.499 to —0.104 (—0.206 to —0.022 (-0.128-  —0.017 (-0.120-  —0.110 (—0.213 to
—0.083)*** —0.318)*** —0.001)* 0.081) 0.086) —0.007)*
FCHEI 0.043 (—0.057-0.144) 0.000 (—0.096-0.097) 0.032 (-0.068-0.133)  —0.010 (—0.110-  0.015 (—0.085- 0.045 (—0.055-0.146)
0.091) 0.116)
BF% 0.382 (0.285- 0.851 (0.797- 0.131 (0.027-0.235)* —0.043 (—0.148-  —0.013 (-0.118-  0.302 (0.201-
0.480)*** 0.904)*** 0.062) 0.091) 0.403)***

Notes: Data are standardised regression coefficient and their 95% confidence intervals from multivariate linear regression analyses adjusted for age and sex.
ST, sedentary time; LPA, light physical activity; MPA, moderate intensity physical activity; VPA, vigorous intensity physical activity; PAEE, physical activity energy

expenditure; MVPA, moderate-to-vigorous physical activity; FCHEI, Finnish Children Healthy Eating Index; BF%, body fat percentage.
*p<0.05; **p<0.01; ***p<0.001.
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(B=0.071, 95% Cl=—0.072-0.214, p=0.329, p=0.055 for
interaction).

VPA was inversely associated with hs-CRP (p=0.003
for interaction), leptin (p=0.034 for interaction), IL-6
(p=0.036 for interaction), and glycoprotein acetyls
(p=0.027 for interaction) in children with higher BF%
but not in children with lower BF% (Table 3). MVPA
was inversely associated with hs-CRP in children with
higher BF% but not among those with lower BF%
(p=0.019 for interaction). PAEE was inversely associated
with CRP in children with higher BF% but not among
those with lower BF% (p=0.019 for interaction) (Table
3). PAEE was also inversely associated with adiponectin
in children with lower BF% (=-0.160, 95% Cl=—0.308
to —0.012, p=0.034) but not among those with higher
BF% (Bp=0.088, 95% Cl=-0.057-0.233, p=0.231,
p=0.016 for interaction).

Modifying effect of diet quality on the
associations of sedentary time, physical activity,
and diet quality with inflammatory biomarkers

MPA was inversely associated with hs-CRP in children
with a lower FCHElI (f=-0.254, 95% Cl=—0.397 to
—0.112, p=0.001) but not among those with a higher
FCHEI (B=—0.084, 95% CI=—0.229-0.061, p=0.253,
p=0.036 for interaction) after adjustment for age and
sex. MVPA was inversely associated with hs-CRP in chil-
dren with a lower FCHEI (3=—0.283, 95% Cl=—0.427 to
—0.139, p<0.001) but not among those with a higher
FCHEI (B=—-0.092, 95% Cl=—0.240-0.056, p=0.221,
p=0.034 for interaction). PAEE was inversely associated
with hs-CRP in children with a lower FCHEI (=—0.256,
95% Cl=—0.400 to —0.111, p=0.001) but not among
those with a higher FCHEI (3=-0.107, 95% Cl=—0.253-
0.038, p=0.147, p=0.053 for interaction). However, the
associations of MPA (f=-0.121, 95% Cl=—0.259-0.018,
p=0.088), MVPA (B=-0.117, 95% Cl=—0.264-0.029,

p=0.117), and PAEE (f=-0.057, 95% Cl=—0.208-0.094,
p=0.456) with hs-CRP in children with lower FCHEI atte-
nuated markedly and were no longer statistically signifi-
cant after further adjustment for BF%

Discussion

We found that BF% was strongly and directly associated
with circulating levels of biomarkers for inflammation
and it also largely explained the associations of ST,
MPA, VPA, MVPA, and PAEE with these biomarkers for
inflammation in children 6-8 years of age. We also
observed that higher levels of ST and lower levels of
PA were associated with higher circulating levels of bio-
markers for inflammation in children with a higher BF%
but not among those with a lower BF%. Moreover, we
found that PA was inversely associated with circulating
levels of biomarkers for inflammation in children with
poorer diet quality but not among those with better
diet quality. These inverse associations were mainly
observed between PA at least moderate intensity and
hs-CRP, leptin, IL-6, and glycoprotein acetyls.

In contrast to the results of some previous studies in
children (Poitras et al., 2016), we found inverse associ-
ations of PA with hs-CRP, leptin, IL-6 and direct associ-
ations of ST with hs-CRP, leptin, and IL-6 in children.
Individual biomarkers of inflammation often exhibit a
high intra-individual variability (Connelly et al., 2017).
Therefore, our findings on the inverse associations of
MPA, MVPA, and PAEE with glycoprotein acetyls
derived from NMR metabolomics, a composite indicator
of systemic inflammation providing novel and more
stable (Connelly et al, 2017) evidence on the inverse
association between PA and systemic inflammation.
However, all of these associations in our study were
largely explained by BF%. Our results are supported by
evidence suggesting that reductions in body fat mass
mediates the positive effects of exercise training on

Table 3. Associations of physical activity with biomarkers for inflammation in children with higher or lower body fat percentage.

Hs-CRP Leptin Interleukin-6 Glycoprotein acetyls
Body fat percentage Body fat percentage Body fat percentage Body fat percentage
<median >median <median >median <median >median <median >median
VPA 0.031 —0.186 (—0.332 —0.007 —0.344 (—0.477 to 0.033 —0.181 (—0.328 0.060 —0.143
(—0.122- to —0.039)* (—0.146- —0.212)*** (—0.183- to —0.033)* (—0.092- (—0.291-
0.184) 0.131) 0.117) 0.213) 0.005)
MVPA —0.070 —0.215 (—0.360
(=0.221- to —0.069)**
0.080)
PAEE —0.058 —0.193 (—0.336
(—0.209- to —0.050)**
0.092)

Note: Data are standardised regression coefficient and their 95% confidence intervals from multivariate linear regression analyses adjusted for age and sex.
VPA, vigorous physical activity; MVPA, moderate-to-vigorous physical activity; PAEE, physical activity energy expenditure.

*p<0.05; **p<0.01; ***p<0.001.



biomarkers for inflammation (Garcia-Hermoso et al.,
2017). Nevertheless, MVPA was inversely associated
with hs-CRP, IL-6, and adiponectin and ST was directly
associated with adiponectin independent of adiposity
in Danish children (Nielsen et al., 2016). Furthermore,
in contrast to the results of some previous studies
(Dong et al., 2017), we found no association between
screen time and biomarkers for inflammation.
However, we observed that ST was directly associated
with biomarkers for inflammation although these associ-
ations were mostly explained by BF%. The inconsistent
findings may be explained by differences in maturation
status and PA levels between study populations and
methods used to assess screen time and ST. Further-
more, it is possible that increased ST, not screen time
per se, is associated with increased systemic inflam-
mation through increased adiposity. Therefore, these
results together suggest that increased levels of PA
have potential to decrease systemic inflammation, but
it is possible that the associations are mediated by
decreased adiposity.

We found that PA at least at moderate intensity was
associated with biomarkers for inflammation only in chil-
dren with a higher BF%. These results agree with our
previous observations suggesting that higher levels of
MVPA and lower levels of ST were associated with
lower insulin resistance only in children with higher
levels of adiposity (Haapala et al, 2020) suggesting
that increasing PA could decrease systemic inflam-
mation and insulin resistance particularly among over-
weight and obese children. In contrast to the results of
some intervention studies in youth showing that exer-
cise training increased adiponectin in obese children
(Garcia-Hermoso et al., 2017), we observed an inverse
association between PAEE and adiponectin in children
with lower BF% and no statistically significant associ-
ation in children with higher BF%. Furthermore, Nielssen
et al. (2016) suggested that the negative association
between MVPA and adiponectin could be due to lower
insulin resistance in children with higher levels of
MVPA as they also reported an inverse association
between insulin resistance and adiponectin (Nielsen
et al,, 2016). Similarly, Su et al. (2011) reported that indi-
viduals with lower levels of insulin and body fat mass
also had lower adiponectin than those with higher
levels of insulin and fat mass. We have previously
reported that children with higher levels of MVPA or
PAEE and lower levels of adiposity have lower insulin
resistance than other children (Haapala et al., 2020). It
is, therefore, possible that the inverse association
between PAEE and adiponectin in the present study
and between MVPA and adiponectin in the study by
Nielssen et al. is due to adaptive mechanisms driven
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by insulin resistance (Nielsen et al., 2016). We have
observed that PAEE, from all measure of PA in our
study, has the strongest association with insulin resist-
ance (Haapala et al., 2020; Vaisto et al., 2019) and BF%
(Vaisto et al., 2019), which may explain why PAEE also
had the strongest association with adiponectin in the
present study.

We found that BF% was the strongest determinant of
biomarkers for inflammation and even if the mechan-
isms of low-grade inflammation are not fully under-
stood, it has been shown that excess adiposity leads to
secretion of several cytokines and adipokines that acti-
vate the immune system. Gleeson et al. suggested that
both the reduction in visceral fat mass and the anti-
inflammatory environment induced by each exercise
session might elicit long-term anti-inflammatory effects
(Gleeson et al., 2011).

In line with the results of previous observational
studies in children, we did not find statistically signifi-
cant associations between diet quality and biomarkers
for inflammation (Liese et al., 2018). One reason for not
observing such associations is that children in our popu-
lation sample were relatively healthy and most of them
were normal weight and physically active. However, we
found that higher levels of PA were associated with
lower levels of systemic low-grade inflammation in chil-
dren with poorer diet quality. These results suggest that
poor diet quality together with low PA levels may
increase systemic low-grade inflammation in children,
although diet quality did not have independent associ-
ations with biomarkers for inflammation. Nevertheless,
the associations of PA at different intensity levels with
hs-CRP in children with poorer diet quality were partly
explained by BF% suggesting that adiposity may also
mediate the combined association of diet quality and
PA with biomarkers for inflammation.

The strengths of the present study include a relatively
large and representative sample of children with valid
and reproducible assessment of free-living PA and ST
by individually calibrated combined movement and
heart rate sensing, diet quality by 4-day dietary
records, body composition using whole-body dual-
energy X-ray absorptiometry, and several biomarkers
for inflammation in a population sample of children.
However, we used 60 s epochs in the assessment of ST
and PA because of limited memory capacity of the
monitor. This may have influenced especially the
amount of VPA in the current study (Gao et al., 2018)
and weaken the associations of VPA with biomarkers
for inflammation. Our study was cross sectional which
limits our ability to make causal inferences. Furthermore,
our study included mainly Caucasian children and there-
fore our results cannot be directly generalised to the
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samples of different ethnical backgrounds. Systemic
low-grade inflammation and its relationship to the
pathogenesis of cardiometabolic diseases is multifa-
ceted, and no single optimal biomarker for it exists.
Although we studied the associations ST, PA, and diet
quality with several possible biomarkers for inflam-
mation, there are many other pro- or anti-inflammatory
factors that could have been measured. Finally, the
applicability and clinical relevance of these biomarkers
for inflammation in identifying children at increased
risk of cardiometabolic diseases remains unclear.

In conclusion, we found that higher levels of MPA,
VPA, MVPA, and PAEE and lower levels of ST were associ-
ated with lower circulating levels of biomarkers of
inflammation among children, but these associations
were largely explained by BF%. Furthermore, we
observed that PA was inversely associated with these
biomarkers for inflammation in children with a higher
BF%. In addition, our study provides some evidence
that higher levels of PA could improve circulating bio-
markers of inflammation in children with poorer diet
quality. More research on the long-term effects of PA
and diet as well as their synergistic effects on biomarkers
for inflammation is warranted.
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