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Introduction.

Adaptation or maladaptation of the body can be assessed by activity of its
regulatory systems. One of the manifestations of such activity is heart rate
variability (HRV) as a correlate of autonomous regulation of the cardiovascular
system. HRV parameters are sensitive to the influence of the physical
environment (climatic, geographic, and chronobiological factors) and social
innovations.

Aim: to study seasonal fluctuations of HRV indicators in primary school
students (7-12 years, 1st—5th grades). We were interested in a retrospective
analysis of this phenomenon (comparison of current results with similar data
from 2004-2007) and the correlation with body mass index (BMI).



Methods.

We analyzed the dynamics of semi-annual changes of HRV indicators (the
"delta" of indicators, in % of the initial level), as well as blood pressure (BP) and
its variability (BPV).

Testing was performed twice a year: in late March—early April, which
corresponds to the beginning of the school year, and in late September—early
October, i.e. at the end of the school year.

The volume of samples in 2004-2007 (School 1) was 317 people, 810 repeated
measurements,

in 2016-2019 (School 2) was 214 people, 701 repeated measurements.

The School 1 and School 2 are different organizations, but both are elementary
schools, located on the outskirts of Moscow. The ethnic composition in both
cases is mixed, with a predominance (85-90%) of the indigenous population
(both Russians and representatives of other nationalities). All children were
assigned to the 1st and 2nd health groups and to the main physical culture

group.
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Equipment: spiroarteriocardiorhythmograph
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Results.

Of all the HRV and BPV parameters, seasonal fluctuations were revealed
only for systolic BP and the LF/HF ratio in the HRV spectrum. In 2016-
2019, an increase in systolic BP over the school year (fall — spring) and a
decrease in LF/HF (from 2nd to 5th grade) were revealed in the examined
primary school students.

However, in 2004-2007, seasonal changes in children of the same age
were opposite: a decrease in systolic BP during the school year and an
increase in LF/HF (from 1st to 5th grade).

Figures legend.

Girl’s data are marked with a red line, boys’ data are marked with a blue line.
The designations of time periods: “a” - autumn, “s” - spring, numbers denote
class. Statistically significant changes over the time interval (according to the
Wilcoxon paired criterion) are indicated by the red “#” for girls, and the blue
“#” for boys. Statistically significant differences between girls and boys
(according to the Mann-Whitney test) are marked with black asterisk (*). The
“S” signifies statistically significant differences from the previous interval in its
group (according to the Mann-Whitney test).

All data are presented as a median and interquartile range.



BP systolic seasonal fluctuations, delta in %
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LF/HF seasonal fluctuations, delta in %
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When the children (School 2) were divided into subgroups by BMI values,
testing at the end of the fourth grade showed that seasonal fluctuations in
HRV and BPV parameters were most pronounced in the group with BMI
values ranging from the 15th to the 84th percentile.

However, there were no significant differences between children from
groups with different BMI (underweight in the range below the 15th
percentile, overweight in the range of 85-95%, obesity in the range above
the 95th percentile).

Figures legend.

The designations of time periods: “@” - autumn, “s” - spring, numbers denote
class. Statistically significant differences from the previous test point (according to
the Wilcoxon paired criterion) are indicated by the “#” mark of the corresponding
color. Statistically significant differences from other groups at the same testing
point (according to Kruskal-Wallis test) are indicated by an asterisk of the
corresponding color. The “S” signifies statistically significant differences from the
previous interval in its group (according to the Mann-Whitney test).

All data are presented as a median and interquartile range.



Proportion of children with different BMI (percentiles), School 2 (2016-2019)
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Seasonal fluctuations of BMI (Z-score) in children, divided into
subgroups by BMI values, testing at the end of the fourth grade

2,0 -
1,5 - HE
1,0 - *
o5 | # iy
0,0 ——————§====E;EEEE%
05 - 535
1,0 -
15 -
2,0 -
22,5 -

sy #a4 I

——below 15

—1584
2399 85-95

=05+

Z-score, A

* %k % *
$$5% $$

sl-a2 a2-s2 s2-a3 a3-s3 s3-a4 ad-s4




80

60

A BPsyst.,, %

80

60

40

A BPsyst.,, %
N
o

BP systolic seasonal fluctuations, delta in %

sl-a2

sl-a2

a2-s2

a2-s2

s2-a3 a3-s3

B

s2-a3 a3-s3

s3-a4

58
s3-a4

ad-s4

88

ad-s4

Girls

——below 15
—15-84
~——85-95
—95+

Boys

——below 15
—15-84
~——85-95
—95+



A LF/HF, %

A LF/HF, %

300
250
200
150

400

300

200

100

-100

-200

LF/HF seasonal fluctuations , delta in %

#

Girls

—helow 15
—15-84
———85-95

sl-a2

$$
az2-s2

sl-a2

a2-s2

$
s2-a3

s2-a3

T 1
- $

a3-s3 s3-a4 ad-s4

a3-s3

s3-a4 ad-s4

95+

Boys

——below 15
—15-84
~——85-95
—95+



Conclusion.

The obtained data attest to the presence of seasonal fluctuations in
HRV and BPV parameters in children aged 7-12 years. These
fluctuations do not depend on BMI value, but their pattern inverted
from 2004-2007 to 2016-20109.

We hypothesized that these changes are related to evolution of the
educational environment, its intensification, and introduction of
computer technologies, but this assumption needs additional
verification.
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