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1  |  INTRODUC TION

Atherosclerotic cardiovascular diseases (ACVDs) are one of the lead-
ing causes of death and disability globally and have become one of 
the most important public health challenges in the world.1 Previous 

studies, such as the Bogalusa Health study, the PDAY study, the 
Cardiovascular Risk in Young Finns Study and the Muscatine study, 
have shown a significant positive association of established ACVD 
risk factors in childhood, namely, low-density lipoprotein choles-
terol (LDL-c), triglycerides, blood pressure and body mass index, with 
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Abstract
Aim: To analyse, in schoolchildren, the relationship between daily steps with metabolic 
parameters; and to examine whether this association is mediated by cardiorespiratory-
fitness (CRF).
Methods: A cross-sectional analysis of baseline data from a feasibility trial was 
performed in children from two primary schools in Cuenca, Spain. Daily steps were 
measured using the Xiaomi MI Band 3. Lipid and glycaemic profiles were analysed 
from blood samples. CRF was assessed using the 20-m shuttle run test. ANCOVA 
models were used to test the mean differences by daily steps quartiles. Mediation 
analyses were conducted to examine whether CRF mediates the association between 
daily steps and lipid and glycaemic parameters.
Results: A total of 159 schoolchildren (aged 9–12 years, 53% female) were included 
in the analysis. Schoolchildren in the highest daily steps quartiles (>10 000 steps) 
showed significantly lower triglycerides and insulin levels (p = 0.004 and 0.002, 
respectively). This association did not remain after controlling for CRF. In mediation 
analyses, a significant indirect effect was observed through CRF in the relationship 
between daily steps with triglycerides and insulin.
Conclusion: Children who daily accumulate more than 10 000 steps have better lipid 
and metabolic profile, and CRF mediated their relationship in schoolchildren.
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atherosclerotic lesions and ACVD events later in life,2–6 probably 
because levels of such ACVD risk factors tend to persist from child-
hood through adolescence into adulthood,7 a phenomenon known 
as tracking patterns meaning the correlation between early and later 
measurements over the lifetime with respect to a certain variable.8

Something similar occurs with glycaemic parameters, such that 
elevated levels of plasma insulin, which are considered a sensitive 
indicator of insulin resistance even in children without elevated gly-
caemia,9 are considered as an ACVD risk factor that is strongly asso-
ciated with other ACVD risk factors including obesity, dyslipidaemia 
and hypertension.10–12 Such high levels of insulin tend to persist over 
time in children through adulthood.13–16

Thus, evidence supports that the timely detection of cardiomet-
abolic risk factors in early life, if it is accompanied by preventive 
measures at that age, may reduce the incidence of adult ACVD. The 
benefits of physical activity (PA) on cardiovascular health in both 
children and adults are currently beyond dispute.17,18 However, de-
spite the well-known importance of engaging in active lifestyles, 
in Spain the prevalence of children failing to meet World Health 
Organization (WHO) movement behaviour recommendations is ap-
proximately 70%, with a similar prevalence worldwide.19–21

Walking is an easily measurable, cost-effective modality of 
PA that does not require any special skills and can be easily fitted 
into daily routine, which postulates as an alternative to promote 
light-to-moderate PA.22 Hence, despite its limitations in estimating 
PA intensity levels, daily steps may be considered an appropriate 
parameter to assess the total amount of PA an individual engages 
on a daily basis. Furthermore, previous evidence suggest that the 
recommended 60 min of moderate-to-vigorous PA can be achieved, 
on average, with a total volume of 13 000–15 000 steps/day for boys 
and 11 000–12 000 steps/day for girls.22

Moreover, an association between the steps/day and cardio-
respiratory fitness (CRF) levels has been suggested.23 If we add to 
all this the ease of use of PA monitors and the accessibility of their 
price, the measurement of steps/day is destined to be the way to 
objectively monitor the PA of the population.

Hence, the objective of this study was twofold: (1) to analyse, in 
schoolchildren, the relationship between daily steps and CRF with 
lipid and glycaemic parameters, and (2) to examine whether the as-
sociation between daily steps with lipid and glycaemic parameters is 
mediated by CRF.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and population

This was a cross-sectional analysis of baseline data from the feasibil-
ity trial aimed at assessing the suitability of a mHealth intervention 
for promoting PA in schoolchildren. This study included 159 school-
children, aged 9–12 years from two public primary schools in Cuenca, 
Spain. Finally, 100 participants were included in our analysis, as only 
they had all the data on the variables of interest for this study.

The Clinical Research Ethics Committee of the Cuenca Health 
Area approved the study protocol. After obtaining the approval of 
the director of each school, and after informing parents, written 
approval was requested for their children's participation. Moreover, 
the schoolchildren were asked to collaborate with informative talks 
held class by class.

2.2  |  Study variables

2.2.1  |  Exposure variable: Daily steps

Daily steps were measured using the Xiaomi MI Band 3 Smart 
Bracelet. The mean daily steps for the 2 weeks following the base-
line measurements were used. Daily steps were also recorded by the 
children in a daily step log that was collected by a member of the 
research team.

2.2.2  |  Outcome variable: Lipid and 
glycaemic profile

Blood samples were drawn at school from the cubital vein between 
8.15 and 9.00 AM and after 12-h fasting period. These determina-
tions were performed in duplicate and include lipid profiles (total 
cholesterol, high-density lipoprotein cholesterol (HDL-c), LDL-c 
and triglycerides) analysed in a Cobas c701 system from Roche 
Diagnostics- Insulin levels, were assessed using an Alinity i-series 
platform from Abbott Diagnostics and glycated haemoglobin 
(HbA1c) was determined by HPLC (high-resolution liquid chroma-
tography) using a D-100 analyser (BIO-RAD Diagnostics).

2.2.3  |  Potential mediator: cardiorespiratory fitness 
(CRF)

CRF was assessed using the 20-m shuttle run test, validated to 
measure aerobic fitness in children. Children were asked to run 

Key notes

• Walking is an easily measurable, cost-effective modality 
of physical activity that does not require special skills 
and can be easily fitted into daily routine.

• Schoolchildren in the highest daily steps quartiles 
(>10 000 steps) showed significantly lower triglycerides 
and insulin levels (p = 0.004 and 0.002, respectively), 
and this relationship was mediated by cardiorespiratory 
fitness.

• Our results postulate daily steps as an interesting instru-
ment to evaluate daily physical activity in children.
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between two lines 20 m apart while keeping pace with audio sig-
nals emitted by a prerecorded compact disc. The initial speed was 
8.5 km/h and increased by 0.5 km/h every minute. Participants 
were encouraged to keep running during the test and the last 
completed half stage was recorded. Maximal oxygen consumption 
(VO2max) was estimated using the Leger 20-m shuttle-run formula 
(31.025 + (3.238 × velocity) − (3.248 × age) + (0.1536 × age × veloc-
ity)) as an indicator of their CRF.24

2.2.4  |  Covariates

Self-reported information was obtained on age (years), sex (female, 
male) and Tanner stages were assessed to analyse sexual develop-
ment with a graded 5-point ordinal scale.25 Trained nurses measured 
anthropometric variables, and weight was measured to the nearest 
100 g with a calibrated digital scale (SECA model 861; Vogel & Halke, 
Hamburg, Germany), with the children lightly dressed and without 
shoes. Height was measured to the nearest millimetre with a wall-
mounted stadiometer.

Data collection was performed during March 2021 by a team of 
trained researchers, following standardised conditions.

2.3  |  Statistical analysis

Statistical (Kolmogorov–Smirnov) and graphical (normal probability 
plots) methods were used to evaluate the fit to normal distribution of 
continuous variables (daily steps, VO2max, total cholesterol, HDL-c, 
LDL-c, triglycerides, insulin, HbA1c). Descriptive characteristics and 
differences by sex were calculated for continuous variables using 
Student's t-test. Pearson correlation coefficients were calculated to 
examine the relationship between daily steps, VO2max, total cho-
lesterol, HDL-c, LDL-c, triglycerides, insulin and HbA1c. ANCOVA 
models were used to test raw mean differences in VO2max, lipid 
and glycaemic parameters as dependent variables by daily step cat-
egories (model 0), controlling for age, sex and Tanner stage (model 
1), and adding VO2max as a covariate (model 2). Daily step catego-
ries were established according to daily step quartiles due to the 
change shown in the dependent variables (Figures S1 and S2) as fol-
lows: first quartile (>7968 steps/day), second quartile (7968–10 030 
steps/day), third quartile (10 030–12 036 steps/day) and fourth quar-
tile (>12 036 steps/day). Post hoc pairwise hypotheses were tested 
using a Bonferroni correction for multiple comparisons.

Mediation analyses were conducted to examine whether CRF 
mediates the association between daily steps and lipid and glycae-
mic parameters using the PROCESS SPSS Macro, version 3.5.26 
For these analyses, mediation model 4 was selected using 5000 
bootstrap samples to examine the total (path c) and direct effects 
(paths a, b, c'), which reflect the unstandardised regression coef-
ficient and significance between the independent and dependent 
variables in each model. The indirect effect (IE) was also calculated 

to indicate the change in lipid and glycaemic parameters per unit 
change in daily steps that are mediated by CRF and were consid-
ered significant when the confidence intervals (CIs) did not con-
tain zero.

All statistical analyses were performed using IBM SPSS Statistics 
software (Version 24.0; IBM Corp., Armonk, NY), and p < 0.05 was 
considered to indicate significance.

3  |  RESULTS

The participants' characteristics by sex are summarised in Table 1. 
Overall, boys accumulated a higher mean of steps/day (11140) than 
girls (9171) (p < 0.001) and had higher VO2max (mL/kg/min) values 
(49.48) than girls (47.47) (p = 0.015). In terms of lipid and glycaemic 
parameters, statistically significant differences by sex were found 
only for insulin, where girls showed significantly higher levels than 
boys, 9.16 and 7.05 mU/L, respectively.

Table 2 displays the bivariate correlation coefficients between 
daily steps, VO2max, total cholesterol, HDL-c, LDL-c, triglycerides, 
insulin and HbA1c. Steps and VO2max were significantly correlated 
with triglycerides, and insulin.

Mean differences in VO2max, lipid and glycaemic parameters by 
daily step quartiles are shown in Table 3. Participants with a higher 
number of daily steps showed significantly higher levels of VO2max 
(p < 0.001), and lower levels of triglycerides and insulin (p = 0.007 
and p < 0.001, respectively). When the ANCOVA models were ad-
justed for age, sex and Tanner stage, the statistical significance of 
these differences disappeared when controlling for VO2max (model 
2).

Considering the aforementioned results and the Baron and 
Kenny criteria,27 only triglycerides and insulin were analysed in 
the mediation models presented in Figure 1. For triglycerides, 
in the first regression equation, daily steps were positively cor-
related with VO2max (path a = 0.0004; 95% CI, 0.0001–0.0006; 
p = 0.0011); in the second regression equation or total effects, 
daily steps were negatively associated with triglycerides (path 
c = −0.0016; 95% CI, −0.0031 to −0.0002; p = 0.0264), and when 
VO2max was incorporated into the model, in the third equation, 
the association between daily steps and triglycerides was reduced, 
losing statistical significance (path c' = −0.0010; 95% CI, −0.0025 
to 0.0004; p = 0.1676).

For insulin levels, in the first regression equation, daily steps 
were positively correlated with VO2max (path a = 0.0004; 95% CI, 
0.0001–0.0006; p = 0.0011); in the second regression equation daily 
steps were negatively associated with insulin (path c = −0.0002; 95% 
CI, −0.0004 to 0.0000; p = 0.0267). Nevertheless, when VO2max 
was incorporated into the model, in the third equation, the associ-
ation between daily steps and insulin was also reduced, losing sta-
tistical significance (path c' = −0.0001; 95% CI, −0.0003 to 0.0001; 
p = 0.4084). The percentage of mediation was 36.0% for triglycerides 
and 66.7% for insulin.
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4  |  DISCUSSION

This study is to our knowledge, the first to elucidate the role of CRF 
in the relationship between daily steps, as a daily PA measure, with 
lipid and glycaemic parameters in children using mediation analysis. 
The main findings were that children who accumulated more than 
10 000 steps daily had better lipid (lower triglycerides) and meta-
bolic profiles (lower insulin levels), and that CRF (VO2max) mediated 
the relationship between daily steps and insulin and triglycerides in 
schoolchildren.

Such results are in line with previous evidence supporting the 
association between higher PA levels and improved cardiomet-
abolic profile in children and adolescents.28,29 Likewise, the re-
lationship between cardiometabolic health and CRF has been 

extensively established.30–32 However, despite abovementioned 
evidence supporting PA beneficial effects on lipid and glycaemic 
parameters, our results showed no statistically significant dif-
ferences between active and less active schoolchildren for total 
cholesterol, LDL-c or glycated haemoglobin, which may be due to 
underpower of our study.

Previous evidence suggests that CRF had a stronger association 
with cardiometabolic profile than objectively measured PA,33 it re-
mains to be clarified whether the influence of daily steps on car-
diometabolic parameters is conveyed through improvements in CRF. 
Our study confirms the mediating role of CRF in the relationship be-
tween steps, triglycerides and insulin.

We established that the daily step threshold for classifying be-
tween active and inactive schoolchildren, according to the effect of 

Total n = 100 Boys n = 47 Girls n = 53 p Value

Age (years) 10.28 ± 0.92 10.21 ± 0.88 10.34 ± 0.96 ns

Weight (kg) 41.04 ± 9.33 41.22 ± 8.45 40.88 ± 10.13 ns

Height (cm) 144.78 ± 7.70 145.41 ± 6.53 144.22 ± 8.62 ns

BMI (kg/m2) 19.44 ± 3.46 19.43 ± 3.45 19.44 ± 3.50 ns

Steps/day 10 096 ± 2929 11 140 ± 2695 9171 ± 2836 <0.001

Vo2máx (mL/kg/min) 48.41 ± 4.47 49.48 ± 4.89 47.47 ± 3.87 0.015

Lipid parameters

Total Cholesterol (mg/dL) 160.46 ± 29.03 162.11 ± 29.02 159.00 ± 29.24 ns

HDL-c (mg/dL) 67.50 ± 14.36 66.40 ± 13.25 68.47 ± 15.33 ns

LDL-c (mg/dL) 95.61 ± 27.13 99.70 ± 30.25 91.98 ± 23.73 ns

Triglycerides (mg/dL) 58.59 ± 29.38 53.83 ± 16.01 62.82 ± 37.11 ns

Glycaemic parameters

Insulin (mU/L) 8.17 ± 3.85 7.05 ± 3.59 9.16 ± 3.83 0.005

HbA1c (%) 5.14 ± 0.24 5.15 ± 0.22 5.13 ± 0.26 ns

Note: Values are means ± SDs. Bold values indicate statistical significance based on p ≤ 0.05.
Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin A1c; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; n.s., not significant; VO2max, 
predicted maximal oxygen capacity.

TA B L E  1  Characteristics of the study 
sample.

Steps
Total 
cholesterol HDL-c LDL-c TG Insulin HbA1c

VO2máx ,371b 0,071 ,327b −0,059 −,325b −,474b −0,110

Steps 0,012 0,135 −0,063 −,247a −,257b 0,157

Total cholesterol ,335b ,687b ,195a −0,141 0,100

HDL-c 0,019 −,418b −,371b −0,069

LDL-c ,173a −0,041 0,121

TG ,511b 0,077

Insulin 0,076

Note: Data are shown as the correlation coefficient R. Bold values indicate statistical significance 
based on p ≤ 0.05.
Abbreviations: HbA1c, glycated haemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; TG, Triglycerides; VO2max, predicted maximal oxygen 
capacity.
aCorrelation is significant at p < 0.05 (two-tailed).
bCorrelation is significant at p < 0.001 (two-tailed).

TA B L E  2  Bivariate correlations 
presented as Pearson correlation 
coefficients (r) between steps, VO2max, 
lipid and glycaemic parameters.
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PA on cardiometabolic health in our sample, was in the median of 
daily steps (10 000 steps per day, hence first and second daily steps 
quartiles were considered inactive while third and fourth quartiles 
were considered active), which, for children at this age, is a lower 
than the suggested threshold of 13 000–15 000 steps/day for boys 
and 11 000–12 000 steps/day for girls, as equivalent to the recom-
mended 60 min of moderate-to-vigorous PA (MVPA) for primary/
elementary schoolchildren.22 Thus, taking into account that early 
signs of atherosclerosis, as well as risk factors for ACVD, are present 
at an early age, our results shed light on the relationship between 
steps, CRF and cardiometabolic risk factors because they suggest 
that steps/day could be a good indicator of daily PA and that the 
same recommendation of 10 000 steps day for adults may be already 
beneficial for schoolchildren.19

Our data support that much of the effect of daily steps in im-
proving cardiometabolic risk is mediated by improvement in CRF, 

highlighting the pivotal role of CRF in this relationship. This rela-
tionship may be explained by the fact that regular PA, quantified 
as daily steps, improves cardiorespiratory fitness levels due to the 
increases on oxygen demand of muscles during PA, which entails 
cardiovascular (increase in cardiac preload volume) and respiratory 
adaptations (greater lung capacity and better oxygen exchange in 
the lungs), which in turn, results in various physiological changes 
(improved lipoprotein profile, enhanced muscle glucose uptake by 
increased the number and activity of GLUT-4) that enhance cardio-
vascular health.34

CRF mediation role is particularly significant for glycaemic pa-
rameters, probably because muscle is the main site of insulin-stim-
ulated glucose uptake and, consequently, insulin levels are more 
susceptible to CRF influence than lipid parameters due to the strong 
relationship of CRF with muscle, as this parameter is mainly affected 
by genetic constitution and PA performed by the individual.

TA B L E  3  Mean differences in cardiorespiratory fitness, lipid profile and glycaemic parameters by physical activity category (daily step 
quartiles).

n

Steps/day quartiles

p value<7968 steps 7968–10 030 steps 10 030–12 036 steps >12 036 steps

29 30 29 29 M0 M1 M2

Vo2max (mL/kg/min) 45.40 ± 2.56 46.98 ± 3.46 50.18 ± 4.50 50.03 ± 4.45 <0.001a <0.001a –

Lipid parameters

Total Cholesterol (mg/dL) 160.96 ± 28.98 159.96 ± 37.64 161.10 ± 23.32 159.85 ± 26.24 0.998 0.979 0.982

HDL-c (mg/dL) 64.99 ± 13.30 64.43 ± 13.19 70.02 ± 15.34 71.02 ± 14.79 0.176 0.129 0.857

LDL-c (mg/dL) 97.88 ± 24.06 98.74 ± 36.24 91.76 ± 22.86 94.41 ± 25.40 0.797 0.593 0.837

Triglycerides (mg/dL) 76.36 ± 46.95 56.35 ± 14.50 49.80 ± 14.08 52.19 ± 21.57 0.004b 0.015b 0.062

Glycaemic parameters

Insulin (mU/L) 10.04 ± 4.27 8.96 ± 4.32 6.25 ± 2.64 7.54 ± 3.10 0.002 c 0.038c 0.321

HbA1c (%) 5.12 ± 0.28 5.09 ± 0.21 5.16 ± 0.24 5.17 ± 0.22 0.647 0.527 0.793

Abbreviations: HbA1c, glycated haemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M0, 
Crude values; M1, Adjusted by age, sex and Tanner; M2, Adjusted by VO2max; VO2max, predicted maximal oxygen capacity.
Bold values indicate statistical significance based on p ≤ 0.05.
aSignificant pairwise comparisons: 1 < 3, 1 < 4, 2 < 3, 2 < 4.
bSignificant pairwise comparisons: 1 > 3, 1 > 4
cSignificant pairwise comparisons: 1 > 3.

F I G U R E  1  Cardiorespiratory fitness mediation models of the relationship between daily steps, triglycerides and insulin. **p ≤ 0.001; 
*p ≤ 0.05. Mediation model of the relationship between daily step count and triglycerides/insulin using VO2max as a mediator. The data are 
presented as unstandardised beta coefficients, 95% CI, and standard error of beta estimates where c is the total effect and a, b, c' are direct 
effects measures. IE, Indirect effect (95% CI); VO2max, predicted maximal oxygen capacity.

IE= -0.0009 (-0.0018, -0.0003)

%Med: 36.0%

Triglycerides

VO2max

Steps
c = -0.0025*

c’ = -0.0016

IE= -0.0002 (-0.0004, -0.0001)

%Med: 66.7%

Insulin

VO2max

Steps
c = -0.0003*

c’ = -0.0001
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These findings transcendence lies in the fact that if the hypoth-
esis that daily steps convey their effect on cardiometabolic risk 
through CRF, the intensity at which these steps should be performed 
would become of relevance, hence highlighting the importance of 
promoting higher intensities of PA and of improving the information 
that daily steps measured through wearable activity trackers pro-
vide, including parameters such as cadence.

Our study's main limitation is the cross-sectional design, which 
prevents us from making cause-effect inferences; hence, data from 
prospective studies may be useful to test our findings. Second, the 
limited sample size. Third, additional testing will be required to im-
prove the generalisability of our results because of the complex-
ity of influences on the children's cardiometabolic profile (dietary 
intake, genetic and environmental influences, etc.). Fourth, the 
mediation models have an exploratory nature; hence, we cannot 
exclude other mediators that could have influenced the association 
between steps with lipids and glycaemic parameters. Likewise, al-
though such analyses were adjusted for some major potential con-
founders, such as age, sex and Tanner stage, residual confounders 
cannot be ruled out.

5  |  CONCLUSIONS

Our findings have important clinical and public health implications 
since they confirm that the objective measurement of steps is a good 
instrument to evaluate daily PA in children. Furthermore, despite the 
small sample size, our findings suggest that compared to what has 
been suggested in previous works, 10 000 steps could be a target 
in children from which substantial improvements in cardiometabolic 
health are produced and that such improvements in health outcomes 
could be mediated through improvements in CRF; hence, not only 
steps but also higher intensities of PA should be promoted to accom-
plish better cardiometabolic results. Finally, our data support that 
much of the effect of PA in improving cardiometabolic risk is medi-
ated by improvement in CRF.
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