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Abstract

Introduction: Monitoring physical activity is a very important issue, especially in type 1 diabetes. One of the parameters assessing the
intensity of exercise is the concentration of lactate in the blood.

Aim of the study: We assessed the intensity of PE and changes in lactate levels in children and adolescents with type 1 diabetes (T1D)
during a football tournament.

Material and methods: We enrolled 141 participants, the results of 70 of whom were analyzed, playing in two age categories: 10-13
and 14-17 years. Lactate levels were measured in the capillary blood before and after matches. Blood lactate of 4 mmol/l (Onset
Blood Lactate Accumulation OBLA) was used as parameter indicating the prevalence of anaerobic metabolic changes.

Results: The median lactate level was 1.8 mmol/l before and 4.4 mmol/l after matches (p < 0.001). The increase in lactate levels was
higher in the older age category (4.3 vs. 1.8, p = 0.001) and was independent on gender (3.2 vs. 2.1, p = 0.597), personal insulin
pump vs insulin pen use (3.0 vs. 1.5, p = 0.145) or training in a sports club (1.4 vs. 3.0, p = 0.084). A positive correlation was noted
between increased lactate levels and age (Rs = 0.253, p = 0.034). 61% of the participants exceeded lactate levels > 4 mmol/l. In
univariate logistic regression analysis age was a significantly associated with lactate level > 4 mmol/l [OR = 1.45 (1.08-1.95)] inde-
pendent of HbA, , gender, treatment method and training in a sports club.

Conclusions: PE intensity levels during football matches were found to be mixed aerobic-anaerobic. Increases in lactate levels were
greater in the older subjects independently on the assessed factors.
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Streszczenie

Wstep: Monitorowanie aktywnosci fizycznej jest bardzo wazne, szczegélnie w cukrzycy typu 1. Jednym z parametréw oceniajacych
intensywnos¢ aktywnosci jest stezenie mleczanu we krwi.

Cel pracy: Ocena intensywnosci wysitku fizycznego i zmiany poziomu mleczanu we krwi u dzieci i mfodziezy z cukrzycg typu 1
podczas turnieju pitkarskiego.

Materiat i metody: Do badania zakwalifikowano 141 os6b, w analizach uwzgledniono wyniki 70 zawodnikéw, grajacych w dwéch
kategoriach wiekowych: 10-13 oraz 14-17 lat. Stezenia mleczanu mierzono przed i po zakoriczeniu kazdego meczu. Stezenie mle-
czanu 4 mmol/l (OBLA) zostafo uzyte jako parametr wskazujacy poczatek beztlenowych przemian metabolicznych.
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Wyniki: Mediana stezen mleczanu wynosita przed 1,8 mmol/l i wzrosta do 4,4 mmol/l po meczach (p < 0,001). Przyrost mlecza-
néw byt wyzszy u starszych dzieci (4,3 vs 1,8; p = 0,001), nie zalezat od ptci (3,2 vs 2,1, p = 0,597), stosowania osobistej pompy
insulinowej lub penéw insulinowych (3,0 vs 1,5, p = 0,145) oraz trenowania w klubie sportowym (1,4 vs 3,0, p = 0,084). Odnoto-
wano dodatnig korelacje pomiedzy przyrostem stezenia mleczanu a wiekiem (Rs = 0,253, p = 0,034). 61% zawodnikéw podczas
meczu przekroczyto intensywnos¢ wysitku odpowiadajaca wtasnemu obciazeniu progowemu czego efektem byt poziom mleczanu
(= 4 mmol/l). W analizie regresji logistycznej udowodnilismy, ze wiek byt istotnie zwiazany ze stezeniem mleczanu > 4 mmol/l
[OR = 1,45 (1,08-1,95)]). Zwigzek ten jest niezalezny od wartosci HbA , ptci, metody leczenia i trenowania w klubie sportowym.

Whioski: Intensywnos¢ wysitku fizycznego u nastolatkdw z cukrzyca typu 1 podczas meczéw pitkarskich byta mieszana — tlenowo-bez-
tlenowa. Wzrost stezenia mleczanéw po wysitku fizycznym byt wyzszy u starszych uczestnikow oraz nie zalezat od innych czynnikéw.

Stowa kluczowe:

aktywnos¢ fizyczna, cukrzyca typu 1, mleczany, intensywno$¢ wysitku fizycznego.

Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease.
Dysfunction of the pancreatic beta cells is the cause of com-
plete insulin deficiency [1]. The disease may present at any
age, though onset mainly affects children, adolescents and
young adults [2]. The most serious clinical issues relating to
T1D are chronic complications such as retinopathy, neuropathy
and diabetic kidney disease [3]. Scientific studies have found
that intensive functional insulin therapy plays an essential role
in the prevention and treatment of chronic complications [1, 4].
The phenomenon of “hyperglycaemic memory” proves that
good blood glucose control is important from the very onset of
diabetes [5]. Unfortunately, despite remarkable progress in the
treatment and monitoring of diabetes, recent years have shown
that people with T1D continue to have problems achieving their
blood glucose targets [6] and experience lower quality of life
than the healthy population [7].

One of the best tools in the treatment of T1D is physical ac-
tivity, because it increases insulin sensitivity, improves glucose
distribution and reduces daily insulin demand [8]. Moreover,
systematic physical activity increases oxidative stress tolerance
and improves immunity [9]. Physical activity is recommended
by diabetology societies. Regular physical activity improves the
cardiovascular risk profile, lipid profile and the body’s muscle-
fat ratio [10].

Three types of physical exercise can be distinguished: aer-
obic, anaerobic and mixed. The classification depends mainly
on intensity and duration of physical activity [11]. Assessing the
intensity of physical exercise is a very important factor in plan-
ning insulin therapy and is an element of diabetes patient edu-
cation. Aerobic exercise is characterised by a moderate level of
intensity and long duration; its most important sources of en-
ergy are glucose and fatty acids. In aerobic exercise, the heart
rate remains below 65% of its maximum value (HR_ ) most of
the time. In contrast, anaerobic exercise is characterised by
high intensity and short duration as well as by its independence
from exogenous oxygen delivery. The predominant sources of
energy are anaerobic mechanisms of ATP resynthesis, mainly
based on glycolysis [12]. Most people engaging in such exer-
cise have heart rates above 75-90% of HR__.

From the standpoint of physical exercise biochemistry,
lactate is a very important metabolite, because its excess is
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released into the bloodstream and used for the production of
energy by active muscles as well as the heart and brain [13].
The remaining portion serves as a substrate for glucose syn-
thesis. Lactate is also involved in such complex processes as
memory formation and neuroprotection. High-intensity exercise
has been proven to retard brain ageing processes and to re-
duce the risk of neurodegenerative disorders. In addition to the
loss of muscle glycogen, lactate accumulation in muscles and
reduced muscle pH in the course of intense physical exercise
also contribute to fatigue. However, the immediate cause of this
state is potassium released from contracting muscles. System-
atic physical activity leads to adaptive metabolic changes that
increase aerobic capacity and muscle potential as well as re-
duce anaerobic metabolic processes during performance of
exercises of the same intensity. From a metabolic standpoint,
persons with a higher VO, (maximum rate of oxygen con-
sumption) have a greater capacity to activate aerobic ATP re-
synthesis mechanisms in their active muscle fibres, yet are also
able to metabolise lactate more quickly after finishing physical
exercise [14].

Lactate measurements has been used for many years
across all sports, and it is one of the most used metrics in the
world of training by athletes and coaches worldwide. Lactate
levels were measured during matches not only to assess ex-
ercise intensity and determine the origin of energy sources for
ATP resynthesis, but also to assess individual players’ meta-
bolic reactions to specific match exertion loads. The results of
tests measuring blood acidification of young football players
during match exercise indicate their movements are acyclic,
changing in rhythm and pace as the situation on the pitch re-
quires. Moderate-intensity exertion alternates with very high-
intensity exercise. The observed movement forms are: starts
from different positions and in variable directions, accelera-
tions, repeated runs with and without the ball covering several
tens of metres, dribbling, jogging and walking [15]. Research
by Bangsbo found that during a match only ca. 2% of a player’s
energy is generated by anaerobic processes. These processes
are very important for training purposes, because they enable
a player to perform highly intensive exercise [16]. In healthy
persons, the ability to achieve a high level of anaerobic exertion
depends on age.

The First Polish Football Championship for Children
and Adolescents with Type 1 Diabetes was held to promote



Changes in blood lactate levels in children and adolescents with type 1 diabetes
Zmiany stezenia mleczanéw u dzieci i mtodziezy z cukrzyca typu 1

Pediatr Endocrinol Diabetes Metab 2021

a healthy lifestyle and physical activity as important elements
of type 1 diabetes management [17]. During the tournament,
a multidirectional assessment of participants’ physical activity
and its effects on metabolic changes in their blood serum was
performed. The purpose of this part of the study was to deter-
mine blood serum lactate levels in the metabolic reaction to
match exercise in children with type 1 diabetes.

Aim of the study

The objective of the study was to assess the intensity of
physical exercise and lactate levels in children and adolescents
with T1D during football matches in the course of a football
tournament.

H1: During a football game, we should observe a mixed ef-
fort: aerobic-anaerobic.

H2: Changes in blood lactate levels depend on anthropo-
metric factors and the mode of insulin therapy.

Material and methods

The observational study covered a group of 189 players
with TID who came from 11 places scattered throughout
Poland. The study was approved by the Bioethics Commit-
tee (No. 170/17). Players aged 10-13 years and 14-17 years
(n = 141) were selected to participate in this part of the study
focusing on changes in lactate levels. Younger children were
not included in the study because they were considered to
be incapable of fully cooperating with researchers to perform
measurements of capillary blood lactate levels immediately
after matches.

The criteria for inclusion in the study were: age below
18 years, type 1 diabetes diagnosed according to the criteria of
ISPAD guidelines [18], intensive functional insulin therapy (by
continuous subcutaneous insulin infusion through a pump or
insulin pens injecting long-acting insulin 1 or 2 times per day or
more frequent injections of rapid-acting insulin), consent of the
treating physician, parental consent and, in the case of players
over 16 years of age, their own assent. Criteria excluding par-
ticipation in the study were: the presence of advanced chronic
complications of diabetes (proliferative retinopathy, diabetic
maculopathy, peripheral or autonomic neuropathy, stage Ill or
IV diabetic kidney disease), diabetic ketoacidosis or severe hy-
poglycaemia within the last 30 days, identified cardiovascular,
respiratory or musculoskeletal diseases, or psychiatric disor-
ders. The inclusion and exclusion criteria were specified during
registration for the tournament.

Study protocol

Information about diabetes duration and treatment method
was obtained via application forms and questionnaires com-
pleted by parents and their children’s diabetes specialists. In-
formation regarding training in sports clubs was obtained via
a separate form completed during the tournament. Detailed
interviews and physical examinations were also performed, in-
cluding blood pressure measurements.

The players were divided into three age categories:
7-9 years (n = 40), 10-13 years (n = 81) and 14-17 years
(n = 68). These age categories were selected based on per-
sonality traits and adolescence and developmental periods.
They correspond with the structure of compulsory school-
ing in Poland: 7-9 years — early primary school (grades 1-3),
10-13 years (grades 4-8, where lessons begin to be divided by
subject) and 14-17 years (post-primary school) [19]. Twenty-
three teams participated in the tournament. Each team played
4-6 matches lasting 30 minutes apiece, on 3 football pitches:
two measuring 50 X 40 m and one measuring 56 x 26 m (for
the 14-17 age category). Three qualification matches were
held on the first day, and semi-finals and finals were held on the
second day. Every match was played in the presence of quali-
fied medical staff consisting of a physician — diabetes special-
ist, a nurse and a medical student.

Glycated haemoglobin (HbA, ), blood glucose, lactates

Glycated haemoglobin levels in capillary blood samples
were measured immediately before the start of the tournament
using the D-10 Haemoglobin A, Program (Bio-Rad Labora-
tories, Hercules, CA, BioRad, Marnes-la-Coquette, France).
Blood glucose levels were measured before and after each
match by the medical team using glucose meters (Contour
Plus One; Ascensia Diabetes Care). Capillary blood lactate
levels were measured before and after each match using
the Lactate Scout, EKF-Diagnostics (Manufacturer SenslLab
GmbH, Leipzig, Germany). The analysis of exercise blood
lactate concentration was used to divide the players into two
groups. The cut-off point was lactate concentration > 4 mmol/I
which corresponds to OBLA (Onset Blood Lactate Accumula-
tion). OBLA, which indicates the significant predominance of
anaerobic mechanisms in ATP resynthesis, is known as the
threshold load, and the measurement of OBLA is one of the
methods for determining when the threshold load has been
reached.

Statistical considerations

All data are expressed as a median and interquartile range
(IQR) or percent (%) of the study subjects. Distribution normal-
ity was checked using the Lilliefors-corrected Kolmogorov-
Smirnov test. Because the distribution was short of normality,
non-parametric tests were used to assess the data collected.
The statistical analysis was performed using the program STA-
TISTICA 12.0. Inter-group differences were assessed using the
Mann-Whitney test, x? or Fischer's exact test. Spearman’s rank
correlation coefficient was used to determine the correlation
between lactate levels and study subject age. Differences with
a probability value of < 0.05 were considered statistically sig-
nificant. The study compared lactate levels between two age
groups (10-13 and 14-17 years). Lactate level differences be-
tween genders were also assessed, before and after matches,
depending on diabetes treatment method (personal insulin
pump or insulin pen) and membership in a sports club. Vari-
ables were divided and analysed in respect to exceedance of
the blood lactate concentration > 4 mmol/l.
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Results

A football tournament involving 189 players with T1D was
held. Ultimately 141 of them were enrolled in the study (in the
second and third age categories). The analyses included re-

Table I. Characteristics of the study participants

Parameters n=70
Gender, n (%)

Boys 63 (90)

Girls 7 (10)
Age, years 12 (1113)
A % 7.3(7.08.2)
Diabetes treatment method, n (%)

Pens 9(13)

Insulin pump 61 (87)
Training in sports clubs, n (%)

Club player 20 (29)

Amateur 50 (71)
Lactate before the game, mmol/l 1.8 (1.5-2.5)
Lactate after the game, mmol/l 4.4 (3.1-6.7)

Data are presented as n (%) or Median (Q1-Q3). A, — glycated
haemoglobin
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Figure 2. Increase in lactate concentration depending on the
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sults from 70 of these players: 7 girls (10%) and 63 boys (90%),
aged 12.0 (11.0-13.7) years. Others were disqualified due to
incompleteness of data. Median glycated haemoglobin level
(HbA, ) was 7.3 (7.0-8.2)%. Sixty-one participants (87%) used
personal insulin pumps, and nine (13%) used insulin pens.
The first age group (10-13 years) comprised 55 players (79%);
the second group (14-17 years) comprised 15 players (21%).
Twenty players (29%) regularly played football in a sports club.
The characteristics of the study group are presented in Table I.
The median lactate level prior to matches was 1.8 mmol/l
[1.5-2.5]; it increased to 4.4 mmol/l [3.1-6.7] after matches
(o < 0.001; Fig. 1). The increase in lactate levels was high-
er in the older age category (4.3 [3.0-10.2] vs. 1.8 [1.0-3.5];
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Figure 1. Lactate levels in tournament participants before and
after the game. The results are shown as a median and IQR
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Figure 4. Change in lactate levels depending on the treatment
method. The results are shown as a median and IQR
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Table Il. Comparison between children who exceeded OBLA (onset of blood lactate accumulation: > 4 mmol/l) and those who did not

Variable OBLA < 4 mmol/l (n = 27) OBLA >4 mmol/l (n = 43) o}

Age [years] 11.4 (10.7-12.2) 12.7 (11.5-14.2) 0.004
A% 7.3(7.0-8.2) 7.4 (6.9-8.2) 0.975
Sex [M*], n (%) 25 (93) 38 (88) 0.699
Insulin pump, n (%) 23 (85) 38 (88) 0.726
Training in a sports club, n (%) 11 (41) 9 (21) 0.076

Data are presented as Median (Q1-Q3) and n (%). A, glycated haemoglobin; M* male. Statistically significant values are shown in bold.

p = 0.001; Fig. 2), and was not dependent on gender (3.2 [1.4—
3.6] vs. 2.1 [1.1-4.3], p = 0.597; Fig. 3) or on use of a personal
insulin pump vs insulin pen (3.0 [1.2-4.3] vs. 1.5 [1.0-2.5],
p = 0.145; Fig. 4). The increase in lactate levels also did not dif-
fer between players who trained in a sports club and those who
played recreationally (1.4 [0.6-3.2] vs. 3.0 [1.4-4.3], p = 0.084;
Fig. 5). A correlation was noted between lactate levels’ eleva-
tion and children’s age: the older the player, the higher the lac-
tate level increase (Rs = 0.253, p = 0.034).

Onset of lactate accumulation in the blood, assumed to be
a lactate level > 4 mmol/l, was exceeded in 61% of the tested
players. All study participants were divided into two groups de-
pending on the intensity of their metabolic reaction to match
exertion load: < 4 mmol/l or > 4 mmol/l. The study found sig-
nificant differences in the subjects’ age depending on degree
of bodily acidification (Table II).

We have proven by univariate logistic regression analysis that
age was significantly associated with lactate level > 4 mmol/l —

the older the player, the greater the odds they exceeded the
threshold of lactate accumulation in the blood. This correspond-
ence was independent of HOA, , gender, treatment method and
training in a sports club vs recreational play (Table Ill).

Discussion

People with type 1 diabetes who perform prolonged or in-
tense physical exercise still face the challenge of highly variable
blood glucose levels, thus increased risk of hypo- and hyperg-
lycaemia, which may limit their motivation and achievements in
sports. Assessing physical activity intensity is a key element in
the formulation of recommendations for diabetic athletes. Foot-
ball is a physical activity of mixed aerobic-anaerobic nature,
and the energy exerted by players can differ depending on their
age, physical fitness and position played [20]. Blood lactate
levels increase together with increased intensity of physical ex-
ercise. It should be kept in mind that the increase in lactate level
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Table Ill. Univariate and multivariate regression analyses

Variable OBLA < 4 mmol/l (n = 27) OBLA >4 mmol/l (n = 43)
Age 1.45 (1.08-1.95); 0.006 1.48 (1.07-2.03); 0.015
A 1.13 (0.69-1.85); 0.616 1.05 (0.60-1.83); 0.865
Sex 0.61 (0.11-3.38); 0.559 1.05 (0.16-6.81); 0.962
Insulin pump 1.01 (0.22-4.62); 0.991 0.98 (0.19-4.910); 0.977

Training in a sports club

0.39 (0.13-1.11); 0.076

0.38 (0.11-1.23); 0.104

AOR (adjusted odds ratios) (Cl, confidence intervals) were calculated in a multivariate logistic regression, and the p-value was calculated using
the Wald test (o < 0.05 was assumed to be significant). The dependent variable was the OBLA > 4 mmol/l. A, . — glycated haemoglobin Statisti-

cally significant values are shown in bold. *Age was continuous variable.

is not linear, because after the lactate threshold is exceeded, it
abruptly rises much more rapidly. A rapid rise in lactate level
occurs after ca. 4 mmol/l (OBLA) is exceeded [21]. In our study,
blood lactate level > 4 mmol/l was exceeded by 61% of the
players, which confirms that during a football match, players
with type 1 diabetes perform mixed aerobic-anaerobic exercise.
Clearly, intensive anaerobic exercise was a component of most
participants’ playing style, which indicates a high level of physi-
cal activity on the part of the given person. As demonstrated by
the GoalDiab Study, the increase in lactates was significantly
higher in the older age category. Younger children are metaboli-
cally protected from acidification of their bodies through physi-
ological defence mechanisms against the consequences of
hypoxia. Similarly to healthy children, children with T1D display
high activity by the mitochondrial metabolism enzymes succi-
nate dehydrogenase and citrate synthetase, but lower activity
by phosphofructokinase and reduced capacity of lactate to dif-
fuse from the active muscle into the bloodstream [22].

It can be assumed that a person who practices sports regu-
larly, especially in a sports club, has a better level of physical
fitness. Regular exercise improves physical fitness and posi-
tively influences a number of metabolic processes [23]. An im-
portant factor that may influence blood lactate levels is not only
players’ fitness level, but also their engagement in the given
match. A high post-match blood lactate level may result from
high motivation to exert effort and perform on the pitch despite
symptoms of muscle fatigue [24]. The absence of differences
in lactate levels between players who train systematically in
football clubs and those who play recreationally indicates simi-
lar biochemical reactions in response to match exertion load.
It can also be hypothesised that players with a longer history
of training ran faster and farther than those with a lower level
of aerobic fitness, thus had a delayed reactive surge in their
production and release of lactate into the bloodstream.

As demonstrated by Harris et al., healthy adolescents, de-
pending on type and intensity of physical exercise, can have
lactate levels considerably exceeding the 4 mmol/l threshold
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[25]. Measuring changes in lactate levels after physical activity
also makes it possible to estimate exercise tolerance in chil-
dren with T1D. Our study found that changes in lactate levels
measured before and after matches indicated the ability of chil-
dren with T1D to engage in intensive physical activity during
the football tournament. Their level of physical exertion during
the tournament proved to be a safe load for them, as they were
able to maintain normal blood glucose levels during and after
this activity [17].

The results of the GoalDiab Study also demonstrate that in-
creased lactate levels did not depend on gender. Although girls
are less physically active [26], their competitive engagement in
sports equals that of boys, which directly impacts the results of
their blood lactate measurements. Esbjérnsson-Liljendahl et al.
investigated a group of students with the same level of physical
fitness performing anaerobic 30-second sprints. The research-
ers proved that post-workout lactate levels were 22% higher
in men due to their greater physiological capacity to perform
anaerobic exercise [27]. A similar phenomenon was observed
by Gratas-Delamarche et al., who confirmed that post-exercise
lactate levels were lower in women [28]. This phenomenon
can be attributed to the fact that the body weight, especially
muscle mass, of the vast majority of males is greater than that
of females in comparable age groups [29]. The same asso-
ciation between gender and body weight can be observed in
children and adolescents [30]. There have been no adequately
designed studies that would demonstrate such differences in
the group of children and adolescents.

After the Diabetes Control and Complications Trial (DCTT)
was published in 1993, intensive functional insulin therapy (IFIT)
became the leading T1D treatment method. This method mim-
ics the physiological circadian rhythm of insulin secretion [31].
Currently, an increasing percentage of patients with T1D are
treated with continuous subcutaneous insulin infusion [8]. This
method improves blood glucose control and is associated with
a lower risk of hypoglycaemia, which translates into a better
health-related quality of life [9]. Diabetes treatment using a PIP
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reduces the daily insulin requirement and decreases blood
glucose fluctuations compared to treatment based on insulin
pens [32]. An interesting finding is that in the case of children’s
physical activity, PIP therapy does not have a more beneficial
effect on blood lactate levels. By contrast, Gawrecki et al. dem-
onstrated that men with T1D who used insulin pens had higher
lactate levels directly after a treadmill test than men who used
personal insulin pumps [33].Exercise monitoring is a very im-
portant issue, especially in metabolic diseases. One of the key
parameters assessing exercise intensity and physical fitness is
the lactate threshold [34, 35]. Sport researchers determine the
lactate threshold using different methods, to individualise train-
ing recommendations for athletes as well as for patients with
chronic diseases [35, 36]. It should be kept in mind that a single
set of exercises causes acute metabolic changes in the body
in addition to long-term adaptive changes [23]. In patients with
type 1 diabetes, aerobic exercise usually causes an abrupt fall
in blood glucose level, while anaerobic exercise may cause it
to increase, thereby complicating blood glucose control. Mixed
aerobic and anaerobic exercise has unpredictable and individu-
al effects in each T1D patient [37]. Very intensive and prolonged
exercise may lead to hyperglycaemia. Measuring blood lactate
levels is a simple method for assessing the intensity of and en-
gagement in physical activity. Increased lactate levels are as-
sociated with an elevated risk of hyperglycaemia.

Limitations

The study has limitations resulting from its small sample
size and the unequal sizes of the groups compared. It would
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