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Background: Systemic low-grade inflammation has been proposed as an under-
lying pathophysiological mechanism for cardiometabolic diseases. We investi-
gated the associations of physical fitness with a systemic low-grade inflammatory 
state in a population sample of children.
Methods: Altogether 391 children aged 6–9 years were examined. 
Cardiorespiratory fitness (maximal power output, Wmax) was assessed by a maxi-
mal cycle ergometer test and neuromuscular fitness by hand grip strength, sit-up, 
standing long jump, 50-meter shuttle run, static balance, sit-and-reach, and box 
and block tests. Body fat percentage (BF%) and lean mass (LM) were assessed 
by dual-energy X-ray absorptiometry (DXA). High sensitivity C-reactive protein 
(hs-CRP), leptin, leptin receptor, high molecular weight adiponectin (HMW-
adiponectin), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and 
glycoprotein acetyls (GlycA) were assessed from fasting blood samples. The modi-
fied inflammatory score (IS) was calculated using the population-specific z-scores 
and formula (zhs-CRP + zleptin + zIL-6 + zTNF-α + zGlycA)—zleptin receptor—
zHMW-adiponectin. The data were analyzed using linear regression analyses.
Results: Higher Wmax/kg of body mass (β  =  −0.416, 95% CI  =  −0.514 to 
−0.318), higher number of completed sit-ups (β = −0.147, 95% CI = −0.244 to 
−0.049), a longer distance jumped in the standing long jump test (β = −0.270, 
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1   |   INTRODUCTION

Increased prevalence of pediatric obesity has led to 
higher rates of low-grade inflammation already in child-
hood.1 Persistent low-grade inflammation evokes insulin 
resistance and endothelial dysfunction and accelerates 
atherosclerotic progression thereby increasing the risk 
of cardiometabolic diseases.2,3 While elevated body fat 
content has been found to be the strongest determinant 
of low-grade inflammation,4 higher physical fitness may 
counteract the harmful impact of adiposity on low-grade 
inflammation.5,6 However, there is limited evidence on 
the associations of physical fitness with biomarkers of in-
flammation in children.

Previous studies have reported inverse associations of 
cardiorespiratory fitness with biomarkers of inflammation 
among children.7–10 However, the measures of cardiorespi-
ratory fitness used in these studies, such as the 20-meter 
shuttle run and peak oxygen uptake scaled by body mass 
(BM), are heavily influenced by body fat content, which 
leads to underestimation of cardiorespiratory capacity in 
heavier children and adolescents.11–13 This is an important 
methodological consideration because increased levels of 
adipose tissue release pro-inflammatory adipokines, such 
as interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α)3 and other biomarkers of inflammation, such 
as leptin and adiponectin.4 Accordingly, some,14–17 but 
not all,8,18 previous studies in children and adolescents 
have denoted that the associations between cardiorespi-
ratory fitness and the biomarkers of inflammation atten-
uated after controlling for measures of body fat content. 
However, an adjustment may not completely remove the 
effect of body fat content when a measure of cardiorespi-
ratory fitness also includes a compound of body fat con-
tent.19 Furthermore, different measures of adiposity used 
in previous studies, such as body fat percentage (BF%) as-
sessed by dual-energy x-ray absorptiometry (DXA), body 
mass index (BMI), and waist circumference, also provide 
different information on the amount and localization of 
the adipose tissue.20 Accompanied by the methodological 
issues related to the measures of cardiorespiratory fitness, 

different methods used to estimate body fat content in-
crease the uncertainty in the observed associations.

To overcome the limitations of field tests that provide 
indirect measures of cardiorespiratory fitness and peak 
oxygen uptake divided by BM, cardiorespiratory fitness 
has been recommended to be scaled by lean mass (LM) 
or fat-free mass to provide a more accurate measure of 
cardiorespiratory capacity.11,21 Applying this approach, 
Hosick et al.16 found a weaker association of peak oxygen 
uptake scaled by fat-free mass than that scaled by BM with 
leptin in a small sample of adolescents. Unfortunately, 
they investigated the associations of cardiorespiratory fit-
ness only with leptin.

While most studies on the associations between phys-
ical fitness and biomarkers of inflammation have focused 
on cardiorespiratory fitness, some studies have also re-
ported that higher hand grip strength and better standing 
long jump performance are related to lower serum high-
sensitivity C-reactive protein (hs-CRP) and leptin concen-
trations in children and adolescents.10,18,22 Nevertheless, 
BF% has been found to be a strong mediator in these as-
sociations.7,22 Performance in the 40-meter agility shuttle 
run test, a measure of neuromuscular fitness, has also 
been inversely associated with serum IL-6, leptin, and 
adiponectin but not to hs-CRP and TNF-α.10 The amount 
of muscle and fat mass and the level of physical activity 
differently influence the performance in different physical 
fitness tests, potentially altering the associations of physi-
cal fitness with biomarkers of inflammation.23–25 However, 
the evidence on the associations of different measures of 
physical fitness and biomarkers of inflammation is scarce 
and elusive, leaving a significant knowledge gap.

Previous studies have used only a limited number of 
measures of physical fitness and biomarkers of inflam-
mation. Studying the associations of a broader range of 
measures of physical fitness with overall systemic low-
grade inflammatory state and individual biomarkers of 
inflammation is important because the different measures 
of physical fitness may have different associations with 
low-grade inflammation and because it is not clear which 
biomarkers best describe low-grade inflammation.26 

95% CI = −0.371 to −0.169), and a shorter time in the 50-meter shuttle run test 
(β = 0.123, 95% CI = 0.022 to 0.223) were associated with lower IS. None of these 
associations remained statistically significant after adjustment for BF%.
Conclusions: Higher physical fitness is associated with a more favorable inflam-
matory biomarker profile in children. However, the associations were explained 
by BF%.

K E Y W O R D S

biomarkers, fitness, inflammation, obesity, pediatrics, physical fitness
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Furthermore, it remains unknown whether the different 
measures of body fat content similarly affect the associa-
tions. Therefore, we investigated the associations of var-
ious measures of cardiorespiratory and neuromuscular 
fitness with modified inflammatory score (IS), represent-
ing an overall systemic low-grade inflammatory state, and 
several individual biomarkers of inflammation in chil-
dren. We also studied whether BF%, BMI-standard devi-
ation score (BMI-SDS), or waist-to-height ratio similarly 
alter these associations.

2   |   METHODS

2.1  |  Study design and participants

The present data are from the Physical Activity and 
Nutrition 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 sam-
ple of children from the city of Kuopio, Finland.27 The 
Research Ethics Committee of the Hospital District of 
Northern Savo, Kuopio, Finland, approved the study 
protocol in 2006 (Statement 69/2006). The parents or 
caregivers of the children gave their written informed 
consent, and the children provided their assent to par-
ticipation. The PANIC study has been carried out in 
accordance with the principles of the Declaration of 
Helsinki as revised in 2008.

Altogether 736 children 6–9 years of age from primary 
schools in Kuopio were invited to participate in the base-
line examination in 2007–2009. A total of 512 children, 
who represented 70% of those invited, participated in the 
baseline examinations. Six children were excluded from 
the study at baseline because of physical disabilities that 
could hamper participation in the intervention or no time 
or motivation to attend the study. The participants did not 
differ in sex distribution, age, or BMI-SDS from all chil-
dren who started the first grade in 2007–2009 based on 
data from the standard school health examinations per-
formed for all Finnish children before the first grade (data 
not shown). Complete data on variables used in the analy-
ses dealing with the associations of the measures of phys-
ical fitness with inflammatory biomarkers were available 
for 391 children (189 girls, 202 boys).

2.2  |  Assessment of physical fitness

We assessed cardiorespiratory fitness by a maximal exer-
cise test using an electromagnetically braked Ergoselect 
200 K® cycle ergometer coupled with a pediatric saddle 
module (Ergoline).28 The exercise test protocol included 

a 2.5-min anticipatory period with the child sitting on 
the ergometer; a 3-min warm-up period with a workload 
of 5  W; a 1-min steady-state period with a workload of 
20 W; an exercise period with an increase in the workload 
of 1 watt per 6 s until exhaustion, and a 4-min recovery 
period with a workload of 5 W. The children were asked 
to keep the cadence stable and within 70–80 revolutions 
per minute. Exhaustion was defined as the inability to 
maintain a cadence above 65 revolutions per minute re-
gardless of vigorous verbal exhortation. The exercise test 
was considered maximal by an experienced physician 
(TT) supervising the test if objective and subjective crite-
ria (heart rate > 85% of predicted, sweating, flushing, in-
ability to continue exercise test regardless of strong verbal 
encouragement) indicated maximal effort and maximal 
cardiovascular capacity.28 Maximal power output (Wmax) 
measured at the end of the exercise test divided by BM 
or LM was used as measures of cardiorespiratory fitness. 
We used Wmax as a measure of cardiorespiratory fitness 
because we did not perform respiratory gas analyses at 
baseline and it has been demonstrated to be a good sur-
rogate measure of cardiorespiratory fitness in children.29

Speed and agility were assessed by the 50-meter shuttle 
run test.30 The children were asked to run 5 meters from a 
starting line to another line as fast as possible, to turn on 
the line, to run back to the starting line, and to continue 
until five shuttles were completed. The test score was the 
running time in seconds, with a longer time indicating 
poorer performance.

Static balance was assessed by the modified flamingo 
balance test. The children were asked to stand barefoot 
on one self-chosen leg with eyes closed for 30 s. The test 
score was the number of floor touches with free foot or eye 
openings over 30 s, a higher number of floor touches, and 
eye openings, indicating poorer static balance.

Manual dexterity and upper limb movement speed 
were assessed by the box and block test. The children were 
asked to pick up small wooden cubes (2.5 cm per side) one 
by one with the dominant hand from one side of a wooden 
box (53.7 × 25.4 × 8 cm) and to move as many cubes as pos-
sible to the other side of the box over 60 s. The task was 
repeated with the nondominant hand. The test score was 
the total number of cubes moved to the other side of the 
box over 120 s, and a smaller number of cubes moved, in-
dicating poorer manual dexterity.

Hand grip strength was assessed by the Martin vig-
orimeter (Martin). The children were asked to keep the 
elbow close to the body with the arm flexed at 90° and 
to squeeze a rubber bulb as hard as possible three times 
with each hand. The mean of the best result from each 
hand was used in the analyses. Hand grip strength was 
expressed in kilopascals (kPa). Handgrip strength in kPa 
was scaled by LM.
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Lower limb explosive strength was assessed by the 
standing long jump test.30 The children were asked to 
stand with their feet together, jump as far as possible, and 
land on both feet. The test score was the longest jump of 
three attempts in centimeters.

The sit-up test was used to assess abdominal muscle 
strength and endurance.30 The children were asked to 
lie down with knees flexed at 90°, feet positioned on the 
ground, and arms behind the neck. The children were told 
to do as many sit-ups as possible in 30 s with the elbows 
coming up to touch the knees with the assistant holding 
their feet on the floor. The test score was the number of 
technically correct sit-ups completed in 30 s.

2.3  |  Assessment of the biomarkers of 
inflammation

Venous blood samples were taken from the children hav-
ing fasted for 12 h. Blood was immediately centrifuged 
and stored at a temperature of −75°C until biochemi-
cal analyses. Plasma hs-CRP was measured using an en-
hanced immunoturbidimetric assay with the CRP (Latex) 
High Sensitive Assay reagent (Roche Diagnostics GmbH) 
and the limit of quantitation of 0.3  mg/L. Plasma leptin 
concentration was measured by a competitive radioimmu-
noassay (Multigamma 1261–001, PerkinElmer Wallac Oy). 
Commercially available ELISA kits were employed for the 
measurement of plasma IL-6 and TNF-α (Sanquin Reagents) 
and leptin receptor concentrations (Human Leptin Receptor 
ELISA, BioVendor LM a. s.). Serum HMW-adiponectin con-
centration was analyzed using an ELISA kit after specific 
proteolytic digestion of other multimeric adiponectin forms 
(Millipore). The Nightingale high-throughput nuclear mag-
netic resonance (NMR) metabolomics platform was used to 
quantify plasma glycoprotein acetyls (GlycA).31,32 We used 
modified IS as our primary outcome describing the over-
all systemic low-grade inflammatory state.33 The modified 
IS was constructed by summing up biomarkers considered 
pro-inflammatory (hs-CRP, leptin, IL-6, TNF-α, GlycA) 
and subtracting biomarkers considered anti-inflammatory 
(leptin receptor, HMW-adiponectin).33 We computed the 
modified IS using the population-specific z-scores and for-
mula (zhs-CRP + zleptin + zIL-6 + zTNF-α + zGlycA)—zleptin 
receptor—zHMW-adiponectin. We used standardized IS 
with a mean of 0 and a standard deviation of 1.

2.4  |  Assessment of body size and 
composition

Body weight was measured twice with the children having 
fasted for 12 h, emptied the bladder, and standing in light 

underwear using a weight scale integrated into a calibrated 
InBody® 720 bioelectrical impedance device (Biospace) to 
an accuracy of 0.1 kg. The mean of these two values was 
used in the analyses. Body height 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 analyses. BMI was calculated by dividing 
weight (kg) by height (m) squared. BMI-SDS was calcu-
lated based on Finnish reference data.34 The prevalence 
of overweight and obesity was defined using the cut-off 
values provided by Cole et al.35 Fat mass, BF%, and LM 
were measured by the Lunar® DXA device (GE Medical 
Systems) using a standardized protocol.36 Waist circum-
ference was measured three times after expiration at mid-
distance between the bottom of the rib cage and the top of 
the iliac crest with an unstretchable measuring tape to an 
accuracy of 0.1 cm. The waist-to-height ratio was calcu-
lated as waist circumference (cm) divided by body height 
(cm).

2.5  |  Statistical methods

Statistical analyses were performed using the SPSS sta-
tistical software, version 27.0 (IBM corp.). The character-
istics of children between boys and girls were compared 
using the Student's t-test for normally distributed continu-
ous variables, the Mann–Whitney's U-test for continuous 
variables with skewed distributions, or the χ2-test for cat-
egorical variables. The associations between the measures 
of physical fitness and biomarkers of inflammation were 
investigated using linear regression analyses adjusted for 
age and sex. These data were further adjusted for BF%, 
BMI-SDS, or waist-to-height ratio, which were entered 
into models separately. To study the modifying effect of 
sex on the associations between the measures of physical 
fitness and biomarkers of inflammation, we used general 
linear models including a sex × physical fitness interac-
tion term in the models. The data are presented as stand-
ardized regression coefficient and their 95% confidence 
intervals. We conventionally considered standardized 
regression coefficients of 0.10–0.29, 0.30–0.49, and ≥0.50 
to describe small, moderate, and strong magnitude of the 
associations, respectively.37

3   |   RESULTS

3.1  |  Basic characteristics

Girls were shorter, had higher fat mass and BF%, and 
had less LM than boys (Table  1). Girls also achieved a 
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lower absolute and relative Wmax, and had lower abso-
lute hand grip strength, had a poorer performance in the 
standing long jump and 50-metre shuttle run tests, and a 
better performance in the Flamingo balance and box and 
block tests than boys. Furthermore, girls had higher SI, 
hs-CRP, leptin, and leptin receptor and lower IL-6 levels 
than boys.

3.2  |  Associations of adiposity with 
biomarkers of inflammation

Higher BF%, BMI-SDS, and waist-to-height ratio were 
associated with higher IS (Table  2), hs-CRP, leptin, IL-
6, and GlycA after adjustment of age and sex (Table S4). 
Higher BF%, BMI-SDS, and waist-to-height ratio were 

T A B L E  1   Basic characteristics.

All (n = 391) Girls (n = 189) Boys (n = 202) p-Value

Age (years) 7.6 (0.4) 7.6 (0.4) 7.7 (0.4) 0.417

Height (cm) 128.7 (5.6) 127.7 (5.8) 129.7 (5.2) <0.001

Weight (kg)* 26.0 (5.8) 25.6 (5.9) 26.6 (5.5) 0.090

BMI-SDS −0.18 (1.09) −0.15 (1.08) −0.22 (1.10) 0.530

Waist circumference (cm) 56.7 (5.7) 56.1 (6.0) 57.2 (5.4) 0.068

Waist-to-height ratio 0.44 (0.04) 0.44 (0.04) 0.44 (0.04) 0.734

Fat mass (kg)* 4.8 (3.8) 5.5 (4.0) 4.2 (3.6) <0.001

BF%* 18.7 (11.3) 20.8 (9.8) 15.3 (10.2) <0.001

Lean body mass (kg) 20.6 (2.4) 19.5 (2.2) 21.6 (2.2) <0.001

Prevalence of overweight and obesity (%) 13.0% 14.8% 11.4% 0.314

Measures of physical fitness

Maximal power output (W) 76.6 (15.3) 70.2 (13.2) 82.6 (14.7) <0.001

Relative power output (W/kg of BM) 2.9 (0.5) 2.7 (0.5) 3.1 (0.5) <0.001

Relative power output (W/kg of LM) 3.7 (0.5) 3.6 (0.5) 3.8 (0.5) <0.001

Hand grip strength (kPa) 47.5 (8.6) 45.6 (8.5) 49.4 (8.2) <0.001

Relative hand grip strength (kPa/kg of 
LM)

2.3 (0.4) 2.3 (0.4) 2.3 (0.4) 0.185

Sit-ups (n/30 s)* 11.0 (6.0) 11.0 (6.0) 11.0 (6.0) 0.851

Standing long jump (cm) 126.1 (16.6) 121.2 (15.6) 130.7 (16.1) <0.001

50-meter shuttle run (s) 24.00 (2.1) 24.3 (2.0) 23.7 (2.1) 0.003

Flamingo-balance (errors/30 s)* 3.0 (3.0) 3.0 (4.0) 4.0 (4.0) <0.001

Sit-and-reach (cm) −3.2 (7.9) 0.04 (7.3) −6.2 (7.2) <0.001

Box & block (n of cubes/60 s) 101.8 (12.8) 104.4 (12.6) 99.4 (12.5) <0.001

Biomarkers of inflammation

Modified IS 0.0 (1.0) 0.15 (1.0) −0.14 (1.0) 0.004

hs-CRP (mg/l)* 0.3 (0.3) 0.3 (0.4) 0.3 (0.2) 0.008

Leptin (ng/ml)* 3.7 (3.5) 4.5 (4.2) 3.2 (2.2) <0.001

Leptin receptor (ng/ml) 40.6 (11.1) 37.5 (10.1) 43.4 (11.2) <0.001

HMW-adiponectin (μg/ml)* 8.5 (5.3) 8.0 (5.4) 8.8 (5.3) 0.579

IL-6 (pg/ml)* 0.9 (0.8) 0.8 (0.7) 1.00 (0.9) 0.005

TNF-α (pg/ml)* 14.8 (28.5) 13.3 (26.4) 16.7 (31.2) 0.200

GlycA (mmol/l) 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) 0.544

Note: p-Value for the differences between girls and boys from Student's t-test, Mann–Whitney U-test, or χ2-test.
Statistically significant differences are bolded.
Abbreviations: BF%, Body fat percentage; BM, body mass; BMI, body mass index; BMI-SDS, body mass index-standard deviation score; GlycA, Glycoprotein 
acetyls; HMW, high-molecular weight; hs, high-sensitivity; IS, inflammatory score; LM, lean mass; TNF-α, tumor necrosis factor alpha.
*The data are means and standard deviations or medians and interquartile ranges.
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also associated with lower leptin receptor concentration. 
Corresponding unstandardized regression coefficients 
and accompanying 95% confidence intervals are presented 
in Tables S1 and S2.

3.3  |  Associations of 
measures of physical fitness with 
biomarkers of inflammation

Higher Wmax/kg of BM, a higher number of sit-ups com-
pleted, a longer distance jumped in the standing long 
jump test, and a faster time in the 50-meter shuttle run 
test were associated with lower IS (Table 3).

Higher Wmax/kg of BM was associated with lower hs-
CRP, leptin, IL-6, and GlycA and higher leptin receptor 
concentrations after adjustment for age and sex (Table S5). 
Higher Wmax/kg of LM was associated with lower leptin 
concentration and better sit-up performance was associ-
ated with lower leptin and IL-6 and higher leptin receptor 
concentrations. Better standing long jump performance 
was associated with lower hs-CRP, leptin, and GlycA and 
higher leptin receptor concentrations. A shorter time in 
the 50-meter shuttle run test was associated with lower 
leptin and HMW-adiponectin and higher leptin receptor 
concentrations.

We also detected that higher Wmax/kg of BM was 
associated with lower GlycA concentration in girls 
(β  =  −0.275, 95% CI  =  −0.414 to −0.135, p < 0.001), 
but not in boys (β = −0.098, 95% CI = −0.237 to 0.041, 
p = 0.167, p = 0.046 for interaction). Furthermore, Wmax/
kg of LM had a statistically non-significant direct asso-
ciation with IL-6 in girls (β = 0.075, 95% CI = −0.075 to 
0.225, p = 0.325), but higher Wmax/kg of LM was associ-
ated with lower IL-6 concentration in boys (β = −0.152, 
95% CI  =  −0.292 to −0.012, p  =  0.033, p  =  0.022 for 
interaction).

T A B L E  2   Associations of the measures of body fat content with 
the IS.

IS

BF% 0.675 (0.594 to 
0.755)

BMI-SDS 0.573 (0.492 to 
0.653)

Waist-to-height ratio 0.587 (0.507 to 
0.666)

Note: The data are standardized regression coefficients and their 95% 
confidence intervals adjusted for age and sex. BMI-SDS. body mass index 
standard deviation score. Statistically significant associations are bolded.
Abbreviations: BF%, Body fat percentage; BMI-SDS, body mass index-
standard deviation score; IS, inflammatory score.
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Corresponding unstandardized regression coefficients 
and accompanying 95% confidence intervals are presented 
in Table S3.

3.4  |  The effects of the measures of 
body fat content on the associations of 
measures of physical fitness with an 
overall inflammatory state

None of the associations between the measures of physi-
cal fitness and IS remained statistically significant after 
adjustment for BF% (Table 3). However, a larger number 
of errors in the flamingo balance test was associated with 
lower IS only after adjustment for BF%. Higher Wmax/kg 
of BM and a longer distance jumped in the standing long 
jump test remained statistically significantly associated 
with lower IS after adjustment for BMI-SDS or waist-to-
height ratio. The effects of the measures of body fat con-
tent on the associations between measures of physical 
fitness and individual biomarkers of inflammation are 
presented in Tables S6–S8.

4   |   DISCUSSION

Higher levels of physical fitness, as indicated by Wmax 
scaled by BM and performance in the standing long jump, 
sit-up, and 50-meter shuttle run tests, were associated 
with and lower IS and lower levels of several individual 
pro-inflammatory biomarkers in children. Wmax scaled by 
BM exhibited moderate to strong associations with IS, lep-
tin, and leptin receptors and weak associations with other 
biomarkers of inflammation. Moreover, the magnitude of 
the associations of Wmax scaled by LM and the measures 
of neuromuscular fitness with biomarkers of inflamma-
tion was relatively small. We also observed a strong direct 
association between body fat content and inflammation. 
Furthermore, the associations between the measures of 
physical fitness and inflammation were largely explained 
by BF%. Therefore, our results suggest that higher physi-
cal fitness is associated with a more favorable overall sys-
temic low-grade inflammatory state and lower levels of 
individual pro-inflammatory biomarkers in children, but 
that the associations are explained by the differences in 
BF% between children with lower and higher levels of 
physical fitness and inflammation.

The findings of our study on the inverse association 
between cardiorespiratory fitness and low-grade systemic 
inflammation, such as overall systemic low-grade inflam-
matory state, hs-CRP, and leptin, are in line with the re-
sults of previous studies.10,18 Similarly to some,10,38 but 
not all,18,39 earlier studies, we also observed an inverse 

association of cardiorespiratory fitness scaled by BM with 
IL-6. Cardiorespiratory fitness scaled by BM was also in-
versely associated with GlycA, a biomarker of systemic 
low-grade inflammation that has been directly associated 
with the risk of incident cardiometabolic diseases and pre-
mature death.40,41 However, when cardiorespiratory fitness 
was scaled by LM, only the inverse association between 
cardiorespiratory fitness and leptin remained statistically 
significant. This finding is convergent with the results of 
Hosick et al.16 who demonstrated in their small study in 
adolescents that the inverse association between cardiore-
spiratory fitness scaled by fat-free mass and leptin was sta-
tistically significant, but was considerably weaker than the 
association between cardiorespiratory fitness scaled for BM 
and leptin. Therefore, because scaling cardiorespiratory fit-
ness by LM reduces its dependence on body size and com-
position,21,42 our results together with previous findings 
suggest that the associations of cardiorespiratory fitness 
scaled by or dependent on supporting BM with biomarkers 
of inflammation are confounded by adiposity.

Previous studies have reported that better neuromuscu-
lar fitness, as indicated mainly by higher handgrip strength, 
is related to lower hs-CRP and leptin.7,10,18 Moreover, 
Delgado-Alfonso et al.10 observed that better standing long 
jump and 40-meter shuttle run test performance were asso-
ciated with lower clustered inflammatory biomarker scores 
in children and adolescents. Some studies have also found 
inverse associations of hand grip strength with IL-610 and 
TNF-α,18 but the evidence on the associations of measures 
of neuromuscular fitness with these biomarkers of inflam-
mation remains equivocal. Accordingly, we found versatile 
associations of measures of neuromuscular fitness with the 
biomarkers of inflammation, the associations being most 
consistent with IS and leptin. Specifically, the measures 
of neuromuscular fitness requiring moving or supporting 
BM were inversely related to leptin supporting the results 
of previous studies.18 A better performance in a weight-
bearing standing long-jump test was also associated with 
lower IS, hs-CRP, and GlycA suggesting that standing long-
jump performance could be a useful measure to estimate 
low-grade inflammation status in children. Nevertheless, 
non-weight-bearing measures of neuromuscular fitness 
were not associated with biomarkers of inflammation sug-
gesting that indicators of physical fitness without weight-
bearing or a component related to adiposity are not strongly 
related to biomarkers of inflammation.

We also observed that better a 50-meter shuttle run 
test performance was associated with lower adiponectin. 
Because adiponectin is considered an anti-inflammatory 
adipokine and low adiponectin have been related to an in-
creased risk of type 2 diabetes,3 the inverse association is 
intuitively surprising. However, previous studies in youth 
have also reported an inverse association between physical 
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fitness and adiponectin.7,10,38 Moreover, we have previously 
reported that physical activity is inversely associated with 
adiponectin32 and a 50-meter shuttle run test time,43 sug-
gesting that the mechanism behind the association between 
performance in the 50-meter shuttle run test and adiponec-
tin could be similar to that of physical activity. Nevertheless, 
intervention studies have indicated that exercise increases 
adiponectin.44 Thus, the inverse cross-sectional associa-
tions of fitness and adiponectin with decreased adiponec-
tin levels may reflect better insulin sensitivity or affinity in 
fitter children compared to those with lower fitness levels.45

In the present study, all but one of the associations be-
tween the measures of physical fitness and the biomark-
ers of inflammation were diminished after adjustment for 
BF%. However, the associations of measures of physical 
fitness with several biomarkers of inflammation remained 
statistically significant after adjustment for waist-to-height 
ratio and particularly for BMI-SDS. Our results, however, 
are not uniform with all previous findings. For example, 
Ruiz et al.15 found that the associations of physical fitness 
with hs-CRP and complement component 3 disappeared 
after adjustment for BMI, waist circumference, or the sum 
of skinfolds, whereas Steene-Johannessen and et al.18 and 
Delgado-Alfonso et al.10 revealed that the adjustment for 
waist circumference weakened but did not completely di-
minish the associations of physical fitness with hs-CRP 
and leptin. Furthermore, Brand et al.7 found that the as-
sociations between measures of physical fitness and bio-
markers of inflammation, excluding that between muscle 
strength and hs-CRP, diminished after adjustment for 
BF% measured by DXA. These equivocal findings may be 
explained by differences in the characteristics of popula-
tions examined and in the levels of biomarkers of inflam-
mation. For example, the mean levels of pro-inflammatory 
biomarkers were lower in our cohort compared to the 
participants in the studies by Steene-Johannessen et al.18 
and Delgado-Alfonso et al.10 Another possible reason for 
the different effects of controlling for measures of body 
fat content may be that BF% measured by DXA is a more 
direct and sensitive measure of endocrinologically active 
adipose tissue than BMI-SDS and waist-to-height ratio.20 
Nevertheless, our results suggest that different measures 
of body fatness should not be used interchangeably to con-
trol for adiposity in the associations between the measures 
of physical fitness and the biomarkers of inflammation.

We observed sex differences in the associations between 
measures of physical fitness, particularly cardiorespiratory 
fitness, and biomarkers of inflammation. For example, Wmax 
scaled by BM was inversely associated with GlycA only in 
girls, and Wmax scaled by LM was inversely related to IL-6 
only in boys. Few previous studies have reported sex dif-
ferences in the associations between measures of physical 
fitness and biomarkers of inflammation among children. 

Isasi et al.14 found an inverse association between cardio-
respiratory fitness with hs-CRP in boys but not in girls. 
Nevertheless, Steene-Johannessen et al.18 reported that the 
correlations between the measures of physical fitness and 
biomarkers of inflammation were mainly similar between 
boys and girls. A possible explanation for the conflicting re-
sults is differences in fat mass, physical fitness, or the lev-
els of biomarkers of inflammation between girls and boys. 
However, most of the associations we detected in the pres-
ent study were independent of sex, indicating that sex does 
not markedly modify the associations between measures of 
physical fitness and biomarkers of inflammation in children.

The strengths of the present study include the valid 
and reproducible measurements of physical fitness and 
several different biomarkers of inflammation in a popu-
lation sample of children. Because there is no consensus 
on the biomarkers of inflammation that best describe sys-
temic low-grade inflammation,26 we used a modified IS 
as a measure of overall systemic low-grade inflammatory 
state and seven individual biomarkers of inflammation, 
including a NMR derived GlycA, to provide a more com-
prehensive view on the associations between measures 
of physical fitness and biomarkers of inflammation. We 
also could measure body composition using whole-body 
DXA. We did not directly assess maximal oxygen uptake 
which is considered the gold standard for measuring car-
diorespiratory fitness. However, Wmax determined from 
an exercise test until exhaustion has been found to be a 
valid measure of cardiorespiratory fitness in children.29 
Furthermore, we did not consider diet quality in the pres-
ent analyses because we have previously reported that it 
is not associated with the biomarkers of inflammation in 
children.32 Finally, our study was cross-sectional which 
limits our ability to make causal inferences.

In conclusion, our results suggest that higher physical 
fitness is associated with a more favorable overall systemic 
low-grade inflammatory state in children. However, BF% 
largely explained most of these associations. Our results 
also suggest that various measures of body fat content, 
such as BF%, BMI-SDS, and waist-to-height ratio, cannot 
be used interchangeably to control for adiposity in the as-
sociations between measures of physical fitness and bio-
markers of inflammation. Therefore, forthcoming studies 
should accurately analyze and describe the interwoven 
associations of various measures of physical fitness and 
body fatness with biomarkers of inflammation in children.

5   |   PERSPECTIVE

A prolonged exposure to low-grade systemic inflamma-
tion often precedes endothelial dysfunction, insulin re-
sistance, and the development of clinical cardiometabolic 
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diseases. In contrast, physical fitness has been considered 
a powerful marker of cardiometabolic health since child-
hood, and children and adolescents are encouraged to 
enhance their physical fitness to lower the future risk of 
cardiometabolic diseases. Therefore, our finding that chil-
dren with higher levels of physical fitness have favorable 
inflammatory biomarker profile could have significant 
public health relevance. Nevertheless, we also observed 
that the associations between the measures of physical fit-
ness and the biomarkers of inflammation were largely ex-
plained by adiposity, suggesting that children with higher 
levels of physical fitness and favorable inflammatory bi-
omarker profile also have less adipose tissue than other 
children. Our results along with others suggest that sup-
porting the maintenance of healthy weight in childhood 
would be a good investment in the prevention of systemic 
low-grade inflammation and accompanying cardiometa-
bolic diseases.
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