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Abstract

Background: Microvascular changes and precursors of atherosclerosis are frequently observed in young patients with early-
onset type 1 diabetes (TIDM). Due to their known beneficial effects, physical activity is strongly recommended for its
management.

Objectives: This study aimed to investigate the effects of eight weeks of organized exercise (OE) and non-organized leisure time
activity (NOLTA) on determinants of cardiovascular disease and physical fitness in children with type 1 diabetes.

Methods: In this quasi-experimental study, 20 children with TIDM were randomly divided into two groups of 10: OE (n = 10,
mean age =12.60 * 1.34 years) and NOLTA (n = 10, mean age = 12.40 + 0.84 years). Subjects in both groups participated in their
respective activities 3 days per week. Blood samples and physiological measurements were taken 48 hours before and after the 8-
week training period.

Results: High-density lipoprotein (HDL) levels and physical fitness factors increased significantly in both exercise groups.
Fasting blood glucose, C-reactive protein, and the cholesterol/HDL ratio were also significantly reduced in both groups. Waist
circumference, glycosylated hemoglobin, and the LDL/HDL ratio were significantly reduced only in the OE group. However, the
decrease in the acute phase protein pentraxin 3 was minimal and statistically insignificant.

Conclusions: In children and adolescents with TIDM, regular exercise—due to its anti-inflammatory effects and its ability to
improve cardiorespiratory fitness, lipid profile, and blood glucose levels—may help reduce the severity and likelihood of
cardiovascular disease in adulthood.
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1. Background

Type 1 diabetes mellitus (TIDM) is a chronic
autoimmune disease characterized by the destruction
of beta cells in the pancreas, resulting in an absolute
insulin deficiency. Studies indicate that inflammatory
mediators play a significant role in TiDM, and
inflammation is considered a possible factor in the
pathogenesis of hyperglycemia (1). Type 1 diabetes
mellitus is associated with accelerated atherosclerosis
and increased cardiovascular disease (CVD), making CVD
the most common cause of premature death and
disability in this population (2).

Pentraxin3 (PTX3) is a recently discovered
inflammatory mediator that, by interacting with

various ligands, can play a role in inflammatory
responses and vascular diseases (3). Pentraxin-3 is
expressed in a variety of cells, including phagocytes,
smooth muscle cells, fibroblasts, glial cells, and
endothelial cells, and plays an important role in
immune responses (4). This versatile protein is
positively associated with insulin resistance and is
elevated in diabetes and diabetic nephropathy (5).
Todoric et al. were the first to demonstrate in diabetic
pregnant women that serum PTX3 levels are positively
correlated with elevated glucose levels and negatively
correlated with insulin sensitivity (6).

Increased serum PTX3 in individuals with TIDM has

been identified as an indicator of diabetic nephropathy,
with these patients exhibiting high PTX3 levels (7). A
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recent study by Li et al. also reported that elevated PTX3
levels act as an inflammatory marker in patients with
T2DM and contribute to the pathogenesis of diabetic
kidney disease (8). Thus, elevated PTX3 levels are
observed as a cause of inflammatory conditions and
kidney failure in different types of diabetes.
Additionally, increased C-reactive protein (CRP) and pro-
atherogenic activity of monocytes are evident in
patients with TIDM, and diabetic conditions may
accelerate atherogenesis and coronary disease in these
individuals (9).

High-sensitivity C-reactive protein (HS-CRP) is a
marker of systemic inflammation, primarily produced
by hepatocytes, and is a strong predictor of
cardiovascular diseases (2). High-sensitivity C-reactive
protein levels are significantly higher in individuals
with diabetes compared to healthy individuals, and
these levels are related to BMI and abdominal fat in
children with TIDM (10). Hyperglycemia and
dyslipidemia are common metabolic disorders in young
people with TIDM, both of which increase the risk of
cardiovascular disease (CVD) (11).

Physical activity can improve metabolic profiles,
cardiovascular status, and insulin sensitivity, thereby
reducing the risk of mortality in children with TIDM.
The health benefits associated with exercise can extend
into adulthood (12). Many recent studies have reported
positive effects of exercise training on HS-CRP and lipid
profiles (13, 14), but results regarding PTX3 have been
conflicting (15, 16).

2. Objectives

However, research on the effects of exercise on HS-
CRP and PTX3 in patients with TIDM is limited. Given the
beneficial effects of exercise on lipid profiles, body
composition, and inflammatory status (17), it is expected
that regular physical activity can reduce the severity of
CVD risk. This study aimed to investigate the effects of
eight weeks of organized exercise (OE) and non-
organized leisure time activity (NOLTA) on
inflammation-related biomarkers such as PTX3, CRP,
lipid profile, blood glucose, and physical fitness in
children with TIDM.

3. Methods

This study is quasi-experimental. The statistical
sample consists of 20 children with TIDM, with a mean
age of 12.50 * 1.10 years (7 boys and 13 girls). The study
was conducted over an 8-week period starting in June
2022, after the end of the COVID-19 quarantine
restrictions. None of the subjects had participated in

any regular exercise program in the past two years, and
at least two years had passed since their diagnosis of
TIDM. According to the health survey, none of the
volunteers reported an illness or physical injury that
would prevent them from exercising. Subject
characteristics are shown in Table 1. Subjects were
selected from eligible patients on a non-random basis.
Before participation, their parents completed a general
and health information questionnaire and signed
written consent to participate voluntarily in the study.

At the time of the study, the spread of coronavirus
had not yet completely ceased, but due to control
measures and adherence to health practices, voluntary
training sessions were permitted. However, some
parents preferred their children to exercise in a safer
environment, such as at home. The subjects were
divided into two groups of 10 each. One group engaged
in organized exercise (OE) and performed calisthenics
(body weight resistance exercises) at home, while the
other group engaged in non-organized leisure time
activities. In the OE group, resistance exercises were
scheduled three times a week in the form of home
training, with the intensity, duration, and load of the
exercises being closely monitored.

Thus, the subjects performed their exercises once a
week under the supervision of the researcher to ensure
proper execution and to regulate exercise intensity and
pace during their independent training sessions at
home, which occurred twice a week. They recorded their
exercises and sent videos of all activities to the research
team weekly. To progressively increase the training load
biweekly, a strategy was implemented where an
additional five repetitions were added to each exercise,
or the duration of each exercise was extended by five
seconds. The training program for the OE group is
shown in Figure 1.

In the NOLTA group, subjects participated in leisure
time activities, such as walking, running, cycling,
swimming, and ball sports, three days a week, with a
requirement of a total of 150 minutes of regular
physical activity each week. In this group, the intensity
and type of exercises were not controlled, and subjects
engaged in physical activities of their choice. According
to reports from the NOLTA group participants, 3 of the
10 individuals were actively involved in volleyball, 1 in
basketball, 3 in soccer, 2 in swimming, and 1 in cycling.
The choice of exercise forms in the NOLTA group was
adapted to the participants' lifestyles and preferences,
emphasizing enjoyment and satisfaction from the
activity while maintaining continued participation.
Participants were asked to schedule their training
sessions at least 48 hours apart to ensure adequate rest
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Table 1. Descriptive and Physiological Characteristics of Subjects

Height (cm) BMI (kg/m?) Body Fat Percentage (%) VO, peak (mL/kg/min)
Variables
Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
NOLTA 159.40 +11.87 159.77 £11.84 21.96 + 6.61 22.40+6.93 26.64+8.17 27.04+8.22 39.68+3.72 4226 £3.55
OE 157.35 + 8.87 157.85 £ 8.92 18.17 £3.61 18.23+£3.75 24.14+8.72 24.43+8.52 40.97+4.54 43.08+3.98

Abbreviations: OE, organized exercises; NOLTA, non-organized leisure time Activity.

@Values are expressed as mean + SD.
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Figure 1. Training Program for the OE group. Abbreviations: REPs, Repetitions, SECs, Seconds, OE, organized exercises.

between consecutive sessions. This study was conducted
with the approval of the University of Isfahan Research
Ethics Committee, with the number IR.UL.LREC.1400.115
and it is registered in the Clinical Research Center of
Iran with the number IRCT20200326046861N2.

3.1. Measurement of Physical Fitness Factors and Laboratory
Methods

Asian | Sports Med. 2024; 15(2): e147429.

To measure physical fitness factors, various tests and
devices were used. These included the sit-up test (in 60
seconds) for abdominal muscle endurance, the press-up
test (in 60 seconds) for shoulder muscle endurance, the
sit and reach test for trunk muscle flexibility, a
dynamometer device for static hand muscle strength,
and a body composition analyzer device by InBody for
body fat percentage. The shuttle run test and the
following equation were used to calculate maximum
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Table 2. Measured Physical Fitness Factors in Pre-and Post-test *

Measured Variables and Stages NOLTA (n=10) OE (n=10)
Sit-ups (No.)
Pre-test 2130 £5.96 20.80%9.51
Post-test 25.20+£6.16 24.60£9.10
% Changes 18 18
Push up (No.)
Pre-test 16.30 £ 6.63 15.90 +£4.06
Post-test 19.10 £ 4.67 17.80 £4.82
% Changes 17 u
Flexibility (cm)
Pre-test 3510+4.84 25.80+5.88
Post-test 35.82+3.73 2730 £5.63
% Changes 2 5
Strength of right hand (kg)
Pre-test 8.80+2.28 5.65+3.26
Post-test 11.00 £3.46 7.40£3.23
% Changes 25 30
Strength of left hand (kg)
Pre-test 6.30+2.64 4.60+2.45
Post-test 7.50 £2.67 5.60%2.05
% Changes 19 21
WC (cm)
Pre-test 74.15%8.98 72.10 £11.29
Post-test 72.60£7.35 7110 £10.75
% Changes 2 -1
HC (cm)
Pre-test 91.35 £11.32 81.50 £11.59
Post-test 90.97+10.65 81.65 £ 11.54
% Changes -0.4 0.1

Abbreviations: OE, organized exercises; NOLTA, non-organized leisure time Activity; WC, waist circumference; HC, hip circumference.

2Values are expressed as mean = SD or (%).

oxygen consumption (18): VO, peak = 61.1 - 2.20 gender -
0.462 age - 0.862 BMI + 0.192 TL.

Where TL is the total number of laps covered in the
20-MST and gender is 1 for female and 0 for male. Waist
circumference (WC) and hip circumference (HC) were
measured with a non-elastic tape measure, with WC
measured at the midpoint between the bottom of the
ribs and the top of the iliac crest, and HC measured at
the most prominent part of the buttocks. Body Mass
Index (BMI) was calculated by dividing weight (kg) by
height (m?). Blood samples and physiological index
measurements were taken 48 hours before the first
training session and repeated 48 hours after the last
training session. PTX3 serum levels were measured
using the ELISA method with the Zellbio kit from
Germany.

3.2. Statistical Analysis

Statistical analysis was performed using SPSS version
25. The Shapiro-Wilk test was used to check the
normality of the data, the paired sample t-test was used
to assess changes within groups, and analysis of
covariance (ANCOVA) was used to compare between
groups. A significance level of (P < 0.05) was considered
for all tests.

4. Results

The mean and standard deviation values of physical
fitness factors and blood measurements in the pre- and
post-test phases, as well as the percentage changes
observed after eight weeks of exercise training, are
shown in Tables 2 and 3. The results of the covariance
test indicate that the effects of the two exercise methods

Asian | Sports Med. 2024; 15(2): e147429.
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Table 3. Measured Blood Factors in Pre- and Post-test *

Measured Variables and Stages NOLTA (n=10) OE (n=10)
Fasting Blood Glucose (mg/dL)
Pre-test 215.80 + 66.05 244.70 +83.57
Post-test 180.70 £52.33 214.50 £80.37
% Changes -16 12
Hemoglobin A1C (mmol/mol)
Pre-test 75.70 £15.24 79.00 £21.84
Post-test 72.40 £16.44 71.60 £19.21
% Changes -4 -9
PTX3 (pg/mL)
Pre-test 2.7510.84 2.60+0.94
Post-test 2.731£0.87 2.59+0.94
% Changes -0.007 -0.003
hs-CRP (mg|L)
Pre-test 3.50+1.27 3.36+0.89
Post-test 239+0.62 2.47+0.68
% Changes 31 26

Cholesterol Total (mg/dL)
Pre-test
Post-test
% Changes
Triglycerides (mg/dL)
Pre-test
Post-test
% Changes
HDL (mg/dL)
Pre-test
Post-test
% Changes
LDL (mg/dL)
Pre-test
Post-test
% Changes
LDL to HDL Ratio
Pre-test
Post-test
% Changes
Cholesterol to HDL Ratio
Pre-test
Post-test

% Changes

165.30 £22.41 153.90 £19.55

160.10 £22.24 150.30 £25.32

3 2
117.60 £38.50 92.70 £10.42
116.30 £ 44.20 92.40 £13.09

-1 -03

46.80 +£11.29 42.80+8.76
57.00+8.21 52.10 £9.51

21 21
104.40 £31.59 87.00 £16.51

94.20 £18.43 81.60 £16.37
-9 -6
239+117 213+£0.69
1.69+0.38 1.56 £0.217

-29 -26

373173 3.70+£0.73
2.88+0.46 2.89+0.26

-22 221

Abbreviations: OE, organized exercises; NOLTA, non-organized leisure time Activity; PTX3, Acute-phase Protein Pentraxin 3; hs-CRP, High-sensitivity C-reactive protein.

@Values are expressed as mean + SD or (%).

are generally not significantly different, except for VO,

peak, where a significant difference was observed. The
increase in VO, peak was slightly greater in the NOLTA

group. Additionally, the results of the paired t-test for
within-group changes revealed a significant increase in

Asian | Sports Med. 2024; 15(2): e147429.

BMI in the NOLTA group after eight weeks of training.
Both training groups showed significant improvements
in sit-ups, push-ups, static strength of hand muscles,
VO, peak, and HDL levels. Fasting blood sugar (FBS), hs-
CRP, and the cholesterol/HDL ratio decreased
significantly in both training groups. However, waist
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Table 4. The Results Related to the Statistical Analysis of Data

t-test

Measured Variables NOLTA OE ANCOVA
t P-Value t P-Value F P-Value

Fasting blood glucose 2.643 0.027% 2312 0.046% 0.475 0.500
Hemoglobin A1C 1.996 0.077 4384 0.0022 2.701 0.119
PTX3 1.410 0.192 1.561 0.153 1366 0.259
hs-CRP 2.64 0.027° 411 0.003? 0.151 0.702
Cholesterol total 0.677 0.516 0.632 0.543 0.079 0.782
Triglycerides 0324 0.754 0.075 0.942 0175 0.681
HDL -2.88 0.018? -3.906 0.004% 0.750 0.398
LDL 1.866 0.095 1.220 0.253 0.352 0.561
LDL to HDL ratio 2.090 0.066 2423 0.038% 0.560 0.464
Cholesterol to HDL ratio 2.406 0.040% 3.162 0.012% 0.002 0.963
VO2 peak -4.411 0.0022 -2.841 0.0192 6.29 0.023%
Sit-ups -3.074 0.013% -6.626 0.001% 0.012 0.916
Push up 2,537 0.032% 5.460 0.001% 0.937 0.347
Flexibility -0.717 0.491 -2.098 0.065 0.881 0.361
strength of right hand 3.869 0.004% -4.768 0.001% 0.102 0.753
Strength of left hand -1.935 0.085 2,582 0.030° 0.826 0.376
wC 2140 0.061 3354 0.008% 0.272 0.609
HC 1.004 0.342 1152 0.279 0.244 0.628
BMI 2.926 0.017% -0.579 0.576 127 0.276
Body fat percentage -1.057 0.318 -0.870 0.407 0.091 0.767

Abbreviations: O, organized exercises; NOLTA, non-organized leisure time Activity; WC, waist circumference; HC, hip circumference; PTX3, Acute-phase Protein Pentraxin 3; hs-

CRP, High-sensitivity C-Reactive protein.

2 P<0.05 was considered statistically significant.

circumference (WC), glycosylated hemoglobin (HbAic),
and the LDL/HDL ratio decreased significantly only in
the OE group. The decrease in PTX3, hip circumference
(HC), LDL, total cholesterol, triglycerides, and body fat
percentage was not statistically significant in either
training group, and there was a small, insignificant
increase in flexibility. The details of the paired t-test and
covariance results are presented in Table 4.

5. Discussion

Our results showed a small and non-significant
decrease in PTX3 levels in the training groups. The
impact of sports training on PTX3 levels remains
contradictory and limited. Zempo et al. reported an
increase in PTIX3 plasma levels in middle-aged
individuals after eight weeks of aerobic exercise (16). In
contrast, Estebanez et al. observed a decrease in PTX3
expression following eight weeks of aerobic training in
the elderly (15). It is important to note that exercise
training, both acute and chronic, is recognized as a

significant modulator of PTX3, but the biological and
molecular mechanisms underlying these changes have
not yet been fully determined (15). Although the main
mechanisms involved in the synthesis of PTX3 and the
effects of physical exercise on this process are not
completely elucidated, some of the elevation in PTX3
levels is attributed to muscle damage induced by
chronic exercise training, which helps modulate
immune responses (19). Various forms of exercise cause
muscle cell damage, prompting rapid PTX3 production
in the affected tissue. This increase in PTX3 levels, along
with creatine kinase, myoglobin, and interleukins in the
bloodstream, may indicate a tissue inflammation
response involving adipocytes, smooth muscle, and
skeletal muscle. Therefore, these findings suggest that
the signaling mechanisms mediated by PTX3 may vary,
and in muscle tissue, this protein plays a role in
regulating the innate immune system (19, 20).

Our results show a significant decrease in hs-CRP
levels in both exercise groups. Research indicates that
exercise can significantly reduce hs-CRP levels in both

Asian | Sports Med. 2024; 15(2): e147429.
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healthy individuals and those with cardiovascular
diseases. Epidemiological studies suggest that increased
physical activity is associated with lower hs-CRP levels
and a reduced risk of heart disease (21). A systematic
review examining the effect of various exercises on CRP
levels concluded that long-term and regular exercise
lowers CRP levels by exerting an anti-inflammatory
effect (14). Although several studies have reported that
exercise interventions can reduce circulating hs-CRP, the
mechanisms behind this effect and which groups
benefit the most remain unclear (21). Comparisons of
different subjects show no significant difference in the
effect size of exercise programs with varying
characteristics (duration, frequency, intensity) or in
factors such as age, gender, and health status on CRP
levels. There is general agreement that the greatest
improvement in CRP levels is associated with reductions
in BMI, body fat percentage, and body weight, and that
combining diet with physical activity further decreases
CRP levels (21, 22). Various studies have highlighted the
benefits of exercise on inflammatory parameters and
demonstrated its positive effects at different intensities
(23). Our results contribute to the growing evidence that
physical activity may reduce inflammation, a key
process in the pathogenesis of cardiovascular diseases.
Since the increase in hs-CRP in children with TIDM is
related to waist circumference (WC) (10), promoting a
healthy weight and reducing abdominal fat can be
effective in lowering hs-CRP levels in the subjects of this
study. Our results also show improvements in strength
in the hand, deltoid, and abdominal muscles, as well as
enhanced cardiovascular fitness in the training groups.
Previous studies have reported improvements in VO,

max, strength, WC, and resting heart rate in people with
TIDM due to regular resistance and high-intensity
exercises (24, 25).

It should be noted that diabetic children and
adolescents require continuous insulin therapy to
achieve optimal conditions. However, excessive insulin
use is often associated with weight gain and abdominal
obesity. Additionally, the fear of hypoglycemia can affect
their lifestyle, leading to inactivity, decreased physical
health, and obesity (26). Nevertheless, evidence supports
the beneficial effects of exercise in managing blood
sugar levels and mitigating the risk of hypoglycemia.
Studies indicate that physical activity is an effective tool
for preventing overweight/obesity, cardiovascular
diseases, and improving physical fitness (27).

The available findings suggest that physical activity
increases the ratio of AMP/ATP, which raises the levels of
AMP-activated protein kinase (AMPK) (28). This protein

Asian | Sports Med. 2024; 15(2): e147429.

acts as a protective sensor for the cell's energy status,
and its activation promotes mitochondrial biogenesis,
fatty acid oxidation, increased insulin sensitivity, and
improved glucose absorption. These conditions
contribute to reducing body fat, enhancing lipid
profiles, and improving glucose metabolism (29).
Additionally, scientific evidence shows that
intramuscular AMP signaling and AMPK activity are
directly related to exercise intensity (30). Therefore,
increasing the intensity of training can maximize the
benefits of physical activity in improving body
composition, lipid profiles, and glucose metabolism.

Our results show a significant increase in HDL and a
decrease in LDL/HDL and Cholesterol/HDL ratios in the
exercise groups. Additionally, HbAlc and fasting blood
glucose levels decreased significantly. While there is
limited information specifically about people with
TIDM, studies across different populations consistently
show significant benefits of regular, low-to-moderate-
intensity physical activities on blood glucose regulation
and lipid profile. Most studies report improvements in
insulin sensitivity and reductions in insulin dosage
following various sports activities (13).

In terms of lipid profile, a key finding in our study is
the significant increase in HDL levels in both training
groups. Lipid metabolism  involves  several
interdependent pathways, including the hepatic
synthesis of very low-density lipoprotein (VLDL), fatty
acid absorption by skeletal muscles or adipose tissue,
extrahepatic cholesterol transport by low-density
lipoproteins, and excess cholesterol removal by HDL (31).
High-density lipoprotein levels and the incidence of
cardiovascular disease (CVD) are inversely related. High-
density lipoprotein levels plays a crucial role in reverse
cholesterol transport (RCT), which removes excess
cholesterol from peripheral tissues and delivers it to the
liver or bile for excretion (32). Evidence indicates that
regular exercise enhances lipid metabolism by
increasing HDL levels and RCT activity (31).

Regarding blood sugar control, Yardley et al. found
that strength training, either alone or combined with
aerobic exercises, can significantly reduce HbAic levels.
However, some researchers have not observed positive
effects with other forms of exercise (33). Our results also
showed that despite minor changes in HbAilc in the
NOLTA group, resistance training led to a significant
reduction in HbAlc.

Guidelines on the appropriate type, duration, and
intensity of exercise are regularly updated by
organizations such as the American Diabetes
Association and the International Society for Pediatric
and Adolescent Diabetes. Exercise for patients with TIDM
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should not only encourage increased activity but also
maximize health benefits.

Our results indicate that for children with TiDM,
regularly organized exercise and leisure activities can
improve lipid profiles, physical fitness, body
composition, and glycemic control, and may also
effectively reduce levels of inflammatory factors.
Therefore, regular exercise is an important component
in the management of TIDM, contributing to the
prevention and reduction of cardiovascular disease risk
factors in diabetic children and adolescents.

The main limitations of this research include the
small sample size, the absence of a control group, the
short duration of the exercise intervention, and the lack
of precise dietary control. Future researchers should
consider these limitations when using the results of this
study for further investigation.
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