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ABSTRACT

Effect of combined aerobic and resistance exercise on metabolic control 

in adolescents with type 1 diabetes mellitus

Junghwan Suh

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Ho-Seong Kim)

The beneficial effect of exercise in type 1 diabetes is unclear because of 

insufficient data on the effect of exercise on glycemic control and 

exercise-associated fear of hypoglycemia. Recently, several researchers 

have reported that combined aerobic and resistance exercise prevents 

hypoglycemia during and after exercise. Further, exercise has been 

shown to have a beneficial effect on the psychological status of patients 

with various diseases. The aim of this study is to evaluate the effect of 

combined aerobic and resistance exercise on metabolic control in 

adolescents with type 1 diabetes.

Twenty-five type 1 diabetic patients were enrolled, and 20 patients 

completed the intervention and follow-up. The exercise program 

consisted of aerobic and resistance exercise, and was performed for 1 
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hour at a time, once a week for 12 weeks. Study parameters were 

evaluated at baseline and 3 months after, and 6 months after baseline 

evaluation.

Combined aerobic and resistance exercise acutely decreased blood 

glucose level without significant hypoglycemia, but had no effect on 

daily total insulin dose and HbA1C level. VO2max, maximum muscular 

strength, and maximum exercise intensity increased after completion of 

the exercise program. On psychological tests, attention and quality of life 

were improved, as well as stress and behavioral problems diminished. 

The number of hypoglycemic events per month decreased, and number of 

exercise per week increased, respectively on 3 months and 6 months after 

baseline evaluation.

A 12-week structured exercise program consisting of combined 

aerobic and resistance exercise improves cardiovascular as well as 

neurocognitive and psychobehavioral function, and aids positive lifestyle 

modification.

----------------------------------------------------------------------------------------

Key words : type 1 diabetes mellitus, adolescents, exercise, aerobic 

exercise
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Effect of combined aerobic and resistance exercise on metabolic control 

in adolescents with type 1 diabetes mellitus

Junghwan Suh

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Ho-seong Kim)

I. INTRODUCTION

The beneficial effects of exercise on metabolic control have been verified in 

general population,1,2 and in patients with type 2 diabetes mellitus (DM).3

Previous studies have reported that exercise assists glycemic control,4 reduces 

weight and cardiovascular risk factors,5 and improves overall quality of life in 

the patients with type 2 DM.6 However, evidence for the advantages of exercise 

on metabolic control in the patients with type 1 DM (T1D) remains unclear. 

Exercise in T1D often results in episodes of hypoglycemia during or up to 24 

hours after exercise owing to increased insulin sensitivity or an impaired 

counter-regulatory response to hypoglycemia.7 On the other hand, acute 

high-intensity exercise may cause hyperglycemia owing to increased secretion 

of catecholamines. Fear of hypoglycemic or hyperglycemic events during and 

after the exercise make T1D patients reluctant to be active in daily life. 
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Moreover, such fluctuations of glucose levels after exercise and poor evidence 

for the benefits of exercise on glycemic control in T1D make it difficult to 

establish an exercise guidelines for individuals with T1D.

Previous meta-analyses investigating the effect of exercise on glycemic 

control in T1D have failed to produce clear evidence of the beneficial effect of 

exercise on chronic glycemic control, although they concluded that the evidence 

is sufficient to recommend exercise as an important part of the management for 

T1D.8-10 On the other hand, one meta-analysis addressing the same topic has 

reported that only regular aerobic training improves glycated hemoglobin 

(HbA1c) levels in T1D, and the addition of brief bouts of high-intensity, 

sprint-type exercise to aerobic training can minimize the risk of hypoglycemia.11

Resistance exercise may increase blood glucose levels by releasing hormones 

such as epinephrine and glucagon, thereby lowering the risk of hypoglycemic 

events.9,12 Recent studies have shown that performing resistance exercise before 

aerobic exercise improves glycemic management during exercise and reduces 

hypoglycemic events after exercise,11,13 but researches and evidences were 

insufficient in neither T1D patient nor children and adolescents.

Additionally, it has been reported that the incidence of clinically significant 

psychiatric problems is higher in T1D patients than in the general population, 

with depression as the most prominent feature.14 Although some researchers 

have shown that exercise is associated with an increase in the degree of 

satisfaction and better quality of life,15 there are few reports about the effect of 
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exercise on quality of life in children and adolescents with T1D.

The aim of this study was to evaluate the effect of 12-week exercise program 

consisting of combined aerobic and resistance training on glycemic control, 

cardiovascular function, physical fitness, lifestyle changes, and psychological 

outcomes in adolescents with T1D.

II. MATERIALS AND METHODS

1. Study participants

Twenty-five patients with T1D were recruited from the registered patients of 

the Division of Pediatric Endocrinology of the Severance Children’s Hospital 

from January 2013 to December 2014. All participants had been diabetic with 

T1D for at least 3 years, were between 12 to 22 years old, and were receiving 

insulin therapy under a multiple daily injections (MDI) regimen. Patients 

experiencing diabetic complications, such like diabetic retinopathy, nephropathy, 

and neuropathy, or taking lipid-lowering agents or other hypoglycemic agents 

were excluded. Five patients dropped out during the study for personal reasons, 

and 20 patients completed the study. This study was approved by the 

Institutional Review Board of Severance Hospital (No. 4-2012-0934).

2. Exercise program

The exercise program was carried out in the Wellness Center of the Severance 

Cardiovascular Hospital, for 1 hour at a time, once a week for 12 weeks. The 
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program consisted of 5 minutes of warm up, 10 minutes of resistance exercise, 

40 minutes of aerobic exercise, and 5 minutes of cool down. Resistance exercise 

included leg extension and a leg press, and aerobic exercise consisted of cycling 

and treadmill walking for 20 minutes each. Maximum heart rate was checked at 

baseline, and aerobic exercise was performed within a target zone of 70-80% of 

maximum heart rate. The intensity of resistance exercise was five sets of twelve 

repetitions at 70% of one repetition maximum (1RM) for both leg extension and 

the leg press.16 After each session of the exercise program, researchers 

encouraged patients to keep working out consistently at home.

On the day of exercise, patients were educated to reduce their insulin doses to 

avoid hypoglycemia.17 Basal insulin was reduced by 20%, and pre-meal insulin 

was reduced by 50%. Blood pressure and blood glucose level were checked 

before, during and after exercise. In addition, blood glucose level was checked 

at the midnight on the day of exercise and early morning of the next day. If 

blood glucose level was under 100mg/dL, 0.3 g/kg of 6% carbohydrate drink 

was given to the patient. All exercise was supervised by one physical therapist, 

two nurse specialists, and two pediatricians.

3. Clinical assessment

Height standard deviation score (SDS), weight SDS, BMI SDS were 

calculated using the Korean children and adolescents’ growth standard.18

Number of hypoglycemic events, exercise frequency, and daily total insulin 
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dose were assessed by questionnaire. Blood glucose level under 60mg/dL was 

defined as a hypoglycemic event, and activity of over 30 minutes counted as 

one event of exercise.

4. Biochemical assessment

HbA1c, lipid profile, and C-reactive protein (CRP) level were assessed at 

baseline and 3 and 6 months after the baseline study. Blood samples were taken 

after 12 hours of fasting, centrifuged and stored at -20 °C. HbA1c level was 

measured by high performance liquid chromatography (Variant II, Variant Turbo, 

Bio-rad, Hercules, CA, USA). Total cholesterol and triglyceride (TG) levels 

were measured using enzymatic method (Sekisui Medical Co., Tokyo, Japan). 

Low density lipoprotein (LDL) and high density lipoprotein (HDL) levels were 

determined by means of a homogenous direct assay (Sekisui Medical Co., 

Tokyo, Japan). All samples were analyzed on a Hitachi 7600 automated 

analyzer (Hitachi, Tokyo, Japan). CRP levels were measured using the 

latex-enhanced turbidimetric assay and a Hitachi 7600 P module (Hitachi, 

Tokyo, Japan).

5. Assessments of cardiovascular function and physical fitness

All patients underwent a cardiovascular exercise test using the Bruce treadmill 

test protocol and maximal oxygen uptake (VO2max), maximum heart rate, and 

maximum exercise intensity were assessed.19 Maximum muscular strength was 
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determined through the power of leg extension. Muscle mass, fat mass, and 

waist/hip ratio were calculated from the results of a body composition test by 

bioelectric impedance analysis.

6. Psychological assessment 

Neurocognitive outcomes were determined with the Children’s Color Trails 

Test (CCTT) and Wechsler Intelligence Scale for Children-Third Edition 

(WISC-III). Two levels of the Children’s Color Trails Test (CCTT) were used to 

assess attention and executive function. CCTT1 is for the evaluation of speed of 

perceptual tracking and susceptibility to interference, and CCTT2 is for 

inattention, sequential processing, and impulsivity.20 The WISC-III test was 

used to evaluate psychomotor speed and visual attention.21

Psychological outcomes included depression, anxiety, behavioral problems, 

stress, and quality of life. Level of depression was assessed by Children’s 

Depression Inventory (CDI) and Beck Depression Inventory (BDI).22,23 Revised 

Children’s Manifest Anxiety Score (RCMAS) and State-Trait Anxiety Inventory 

for Children (STAIC) were given to the children, and the State-Trait Anxiety 

Inventory (STAI) to mothers to assess anxiety.24,25 To evaluate their children’s 

behavior problems, parents completed the Korea-Child Behavior Checklist 

(K-CBCL), which is Korean version of CBCL.26 Further, the Korean version of 

Parenting Stress Index (K-PSI) was used to assess the stress of parents in raising 

their children,27 and the Pediatric Quality of Life (PedsQL) for estimating 
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children and parents’ quality of life.28

7. Statistical analysis 

Statistical analyses were performed using IBM SPSS ver. 20.0 (IBM Co., 

Armonk, NY, USA). A corrected linear mixed model was used to compare 

parameters between baseline, 3-month, and 6-month follow-up studies. The 

paired t-test was used to compare psychological test results. P < 0.05 were 

considered statistically significant.

III. RESULTS

1. Baseline characteristics 

The clinical characteristics of all participants prior to the start of the exercise 

program are presented in Table 1. The mean age of patients was 17.1±4.5 years, 

mean history of T1D was 9±4.7 years. The mean dose of daily administered 

insulin was 0.91±0.21U/kg. Average HbA1c levels were 9.2±2.6%. 

Hypoglycemic events occurred 8.2±10.3 times per month, and patients 

exercised 3.0±2.5 times per week on average.
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Table 1. Clinical characteristics of patients at baseline 

Baseline (Mean ± SD)

Age (years) 17.1 ± 4.5

Duration of disease (years) 9.0 ± 4.7

Height (cm) 158.29 ± 10.14

Height SDS -0.09 ± 1.00

Weight (kg) 53.45 ± 9.57

Weight SDS 0.13 ± 1.05

BMI (kg/m2) 21.20 ± 2.42

BMI SDS 0.22 ± 0.90

Daily total insulin dose/body weight 

(Unit/kg/day)
0.91 ± 0.21

Hypoglycemic event (events/month) 8.2 ± 10.3

Exercise (events/week) 3.0 ± 2.5

HbA1c (%) 9.2 ± 2.6

HDL (mg/dL) 67.9 ± 10.7

TG (mg/dL) 91.4 ± 65.9

LDL (mg/dL) 107.7 ± 32.0

Total cholesterol (mg/dL) 193.9 ± 35.4

CRP (mg/L) 1.0 ± 1.0

SDS, Standard Deviation Score; BMI, Body Mass Index; HDL, High-Density 

Lipoprotein; TG, Triglyceride; LDL, Low-Density Lipoprotein; CRP, 

C-Reactive Protein.
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2. Changes in blood glucose and blood pressure during and after exercise 

Blood glucose level and blood pressure were checked before, in the middle of, 

and after exercise (Table 2). The average blood glucose level was 

207.3±107.7mg/dL before exercise, dropping to 190.3±95.5mg/dL after 

resistance exercise (p<0.001). The blood glucose level decreased further after 

aerobic exercise (128.1±69.5mg/dL, p<0.001). Blood glucose level was 

152.5±76.1mg/dL at midnight, and 165.8±75.8mg/dL in the early morning of 

the next day. 

Systolic blood pressure increased after resistance exercise (118.5±13.6 mmHg 

vs. 141.5±21.7 mmHg, p<0.001), and decreased after aerobic exercise 

compared with after resistance exercise (129.3±16.4 mmHg, p<0.001). Diastolic 

blood pressure decreased after resistance exercise (69.5±10.0 mmHg vs. 

65.9±9.2 mmHg, p<0.001), and increased after aerobic exercise (71.8±11.5 

mmHg, p<0.001).
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Table 2. Blood glucose level and blood pressure level during and after a single 

exercise session

BP, Blood Pressure; NA, Not available.

Compared with values measured just before in consecutive order

a p < 0.001

b p = 0.001

c p = 0.113

Before 

exercise

After 

resistance 

exercise

After aerobic 

exercise At 

midnight

Next 

morning
Cycling

Treadmill 

walking

Blood glucose 

level (mg/dL)

207.3

± 107.7

190.3

± 95.5a

161.6

± 77.0

128.1

± 69.5a

152.5

± 76.1b

165.8

± 75.8c

Blood pressure (mmHg)

Systolic BP
118.5

± 13.6

141.5

± 21.7a

122.6

± 15.1

129.3

± 16.4a

NA NA

Diastolic BP
69.5

± 10.1

65.9

± 9.2a

68.1

± 11.5

71.8

± 11.5a

NA NA
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3. Effects of exercise

A. Anthropometric and clinical parameters

Comparing baseline results with 3-month and 6-month follow-up results 

(Table 3) revealed that height increased from 158.29±10.14cm to 

158.85±9.69cm and 159.84±59.8cm (p=0.021), but height SDS was only 

significantly different between baseline and 6-month follow-up (-0.09±1 vs. 

0.01±0.02, p=0.039). Weight, weight SDS, BMI, and BMI SDS values showed 

no significant difference between the 3 observations. Further, daily total insulin 

dose and HbA1c level showed no significant change after the exercise program. 

The number of hypoglycemic events per month decreased from 8.2±10.3 to 

5.3±4.4, and to 4.1±4.0 (p=0.03), and number of exercise events per week 

increased from 3.0±2.5 to 4.0±2.5, and to 4.5±2.0, p=0.001), and both these 

results were statistically significant. There was no significant change in lipid 

profile and CRP between the 3 observations.



14

Table 3. Anthropometric and biochemical data at baseline and 3-month and 6-month 

follow-up

Baseline 3 month 6 month
Overall 

p value

Post-hoc p value

Baseline 

vs. 3mo

Baseline 

vs. 6mo

3mo   

vs. 6mo

Height (cm) 158.29 ± 10.14 158.85 ± 9.69 159.84 ± 8.78 0.021 0.025 0.007 0.022

Height SDS -0.09 ± 1 -0.07 ± 1.03 0.01 ± 1.02 0.106 0.512 0.039 0.13

Weight (kg) 53.45 ± 9.57 53.83 ± 9.14 53.95 ± 8.2 0.684 0.389 0.6 0.877

Weight SDS 0.13 ± 1.05 0.12 ± 1.06 0.08 ± 1.01 0.907 0.848 0.662 0.708

BMI (kg/m2) 21.2 ± 2.42 21.2 ± 2.28 21.04 ± 2.29 0.782 0.926 0.586 0.493

BMI SDS 0.22 ± 0.9 0.2 ± 0.89 0.1 ± 0.87 0.488 0.647 0.24 0.286

Daily total insulin 

dose/body weight  

(Unit/kg/day)

0.91 ± 0.21 0.9 ± 0.2 0.92 ± 0.2 0.717 0.612 0.707 0.477

Hypoglycemic 

event 

(events/month)

8.2 ± 10.3 5.3 ± 4.4 4.1 ± 4.0 0.03 0.11 0.027 0.056

Exercise 

(events/week)
3.0 ± 2.5 4.0 ± 2.5 4.4 ± 2.0 0.001 0.011 <0.0001 0.081

HbA1c (%) 9.2 ± 2.6 9.47 ± 2.6 9.21 ± 2.72 0.178 0.114 0.979 0.132

HDL (mg/dL) 67.9 ± 10.7 65.2 ± 8.3 66.4 ± 15.1 0.432 0.224 0.448 0.635

TG (mg/dL) 91.4 ± 65.9 93.9 ± 44.6 106.2 ± 84.8 0.614 0.84 0.33 0.477

LDL (mg/dL) 107.7 ± 32.0 108.5 ± 27.9 115.2 ± 36.9 0.152 0.858 0.063 0.156

Total Cholesterol   

(mg/dL)
193.9 ± 35.4 192.4 ± 33.0 202.8 ± 44.0 0.1 0.749 0.063 0.056

CRP (mg/L) 1.0 ± 1.0 1.2 ± 2.2 2.3 ± 5.0 0.745 0.824 0.46 0.505
SDS, Standard Deviation Score; BMI, Body Mass Index; HDL, High-Density 

Lipoprotein; TG, Triglyceride; LDL, Low-Density Lipoprotein; CRP, C-Reactive 

Protein.
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B. Cardiovascular and physical fitness

Cardiovascular exercise tests and body composition tests were performed 

before and after the exercise program (Table 4). VO2max increased from 

34.49±5.82mL/kg/min to 36.32±4.49mL/kg/min (p=0.039), maximum muscular 

strength increased from 355.26±82.64N to 420.01±84.91N (p<0.001), and 

maximum exercise intensity increased from 10.77±1.54METs to 

12.29±0.87METs (p<0.001). Maximum heart rate, muscle mass, fat mass, and 

waist/hip ratio showed no significant difference.

Table 4. Cardiovascular and physical fitness before and after 3 months of 

exercise program

Baseline 3 month p value

Maximal oxygen uptake 

(VO2max) (mL/kg/min)
34.49 ± 5.82 36.32 ± 4.49 0.039

Maximum muscular strength (N) 355.26 ± 82.64 420.01 ± 84.91 <0.001

Maximum exercise intensity 

(METs)
10.77 ± 1.54 12.29 ± 0.87 <0.001

Maximum heart rate 182.26 ± 14.21 187.63 ± 7.63 0.078

Muscle mass (kg) 20.95 ± 4.13 20.72 ± 4.77 0.318

Fat mass (kg) 16.15 ± 7.22 17.03 ± 7.39 0.067

Waist/hip ratio 0.82 ± 0.05 0.82 ± 0.04 0.226

MET, Metabolic Equivalent of Task.
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C. Psychological inspection

A number of psychological tests were performed to evaluate neurocognitive 

function, depression, anxiety, behavioral problems, stress, and quality of life. 

Percentile score of CCTT1 for attention has increased significantly (54.6±8.3 vs. 

60.3±7.0, p=0.008), but subdomains of WISC-III showed no remarkable 

improvement. CCTT2 for executive function showed no significant differences. 

At baseline, raw scores of CDI and BDI were below the cutoff score for 

depression, which indicates that patients did not have clinical depression. There 

was no statistically significant changes after the exercise program. Tests for 

anxiety (RCMAS, STAIC, STAI) were in average range before exercise 

program, and these likewise showed no significant difference after the 

intervention (Table 5).
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Table 5. Neurocognitive function, depression and anxiety scales before and after 

3 months of exercise program

Baseline 3 month p value

Attention

CCTT1a (N=16) 54.6 ± 8.3 60.3 ± 7.0 0.008

WISC-III (N=16)

      Digit spanb 11.3 ± 4.1 12.5 ± 3.6 0.106

Symbol searchb 11.8 ± 3.4 11.7 ± 3.0 0.827

Executive function

    CCTT2a (N=16) 56.9 ± 7.8 58.3 ± 9.6 0.574

Depression

CDIc (N=6) 13.7 ± 6.7 15.0 ± 10.3 0.721

BDIc (N=7) 7.6 ± 10.7 3.7 ± 4.6 0.291

Anxiety

RCMASc (N=7) 15.0 ± 7.7 16.1 ± 7.4 0.425

STAICc (N=7) 37.1 ± 10.9 31.9 ± 8.0 0.068

STAIc (N=7) 38.9 ± 8.2 35.4 ± 8.6 0.301

CCTT, Children’s Color Trails Test; WISC-III, Wechsler Intelligence Scale for 

Children-Third Edition; CDI, Children’s Depression Inventory; BDI, Beck 

Depression Inventory; RCMAS, Revised Children’s Manifest Anxiety Score; 

STAIC, State-Trait Anxiety Inventory for Children; STAI, State-Trait Anxiety 

Inventory.

a percentile scores.

b Age-adjusted scaled scores, mean=10, SD=3.

c raw score.



18

The K-CBCL generally revealed a decreasing trend in the subdomain of 

behavioral problems, while the score related to externalizing behavior problems 

decreased significantly (56.0±8.5 vs. 47.0±10.7, p=0.025). Changes in total 

behavioral problems did not reach significance but exhibited a decreasing trend 

(56.6±19.2 vs. 48.4±11.5, p=0.084) (Table 6). 

Table 6. Korea-Child Behavior Checklist (K-CBCL) test before and after 3 

months of exercise program

Baseline 3 month p value

Competence (N=5)

   Social competence 51.4 ± 6.8 49.8 ± 12.0 0.587

   School competence 45.0 ± 10.2 46.2 ± 5.5 0.826

   Total competence 46.6 ± 11.0 48.0 ± 8.6 0.619

Behavioral problems (N=5)

   Anxious/depressed 56.0 ± 12.3 53.8 ± 8.5 0.276

   Withdrawn/depressed 59.6 ± 19.3 54.6 ± 7.7 0.395

   Somatic complaints 53.4 ± 7.6 53.2 ± 5.6 0.866

   Social problems 59.6 ± 13.1 53.0 ± 6.7 0.232

   Thought problems 55.2 ± 8.4 55.4 ± 6.7 0.866

   Attention problems 59.0 ± 11.9 54.6 ± 7.8 0.117

   Delinquent problems 55.0 ± 4.9 50.8 ± 1.8 0.111

   Aggressive behavior 57.0 ± 7.9 53.4 ± 7.6 0.192

   Internalizing behavior problems 56.0 ± 20.6 50.8 ± 9.7 0.346

   Externalizing behavior problems 56.0 ± 8.5 47.0 ± 10.7 0.025

   Total behavior problems 56.6 ± 19.2 48.4 ± 11.5 0.084

All scores are age-adjusted T scores with mean=50 and SD=10.
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K-PSI test was used to assess parental stress bringing up their children. Score 

of difficult child (70.6±35.0 vs. 40.4±28.7, p=0.004) and total clinical score 

(61.0±29.2 vs. 29.6±27.4, p=0.028) decreased significantly. The subdomains of 

parental distress and parent child dysfunctional interaction also exhibited a 

decreasing trend, but did not reach statistical significance. Quality of life of 

both children and parents were assessed by PedsQL, and scores in all 

subdomains increased, indicating an improving trend in quality of life relative 

to baseline. These changes were more prominent in the parent subdomain, while 

especially the score of children‘s functioning in school as evaluated by parents 

showed a significant increase (69.0±14.7 vs. 83.0±12.5, p=0.031) (Table 7).
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Table 7. Korean version of Parenting Stress Index (K-PSI) and Pediatric Quality 

of Life (PedsQL) test before and after 3 months of exercise program

Baseline 3 month p value

K-PSIa (N=5)

Parental distress 49.2 ± 32.6 34.6 ± 30.2 0.139

Parent child dysfunctional 

interaction
59.4 ± 32.9 21.2 ± 18.6 0.069

Difficult child 70.6 ± 35.0 40.4 ± 28.7 0.004

Total clinical score 61.0 ± 29.2 29.6 ± 27.4 0.028

PedsQLb (N=5)

Children

Physical 81.2 ± 17.3 84.0 ± 7.0 0.616

Emotional 67.0 ± 24.4 78.0 ± 21.4 0.503

Social 68.0 ± 37.5 85.0 ± 12.2 0.302

School 73.0 ± 21.4 75.0 ± 15.4 0.765

Parents

Physical 85.8 ± 10.6 92.6 ± 8.2 0.188

Emotional 50.0 ± 20.0 81.0 ± 15.2 0.052

Social 86.0 ± 16.4 95.0 ± 11.2 0.070

School 69.0 ± 14.7 83.0 ± 12.5 0.031

a percentile scores.

b 0 to 100 scale.
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IV. DISCUSSION

The main purpose of this study was to evaluate the effect of exercise on 

metabolic control and psychosocial health, and to demonstrate the feasibility of 

an exercise intervention in adolescents with T1D. This study demonstrated that 

12-week exercise program consisting of 1 hour of combined aerobic and 

resistance training per week improved cardiovascular function and increased 

weekly exercise at home. In addition, improvement in attention and quality of 

life were observed, while stress scores and behavioral problems were reduced. 

However, daily total insulin dose and HbA1c level showed no significant 

change, even though acute glycemic control was improved without significant 

hypoglycemia.

During and after exercise, blood glucose was checked for patients’ safety and 

also to assess the short-term effect of exercise on glycemic control. A steady 

decline of blood glucose level was observed after resistance exercise, cycling, 

and treadmill walking. Counter to our expectations, blood glucose level was not 

elevated after resistance exercise. One of the possible reasons for this is that the 

intensity of our resistance exercise program may have been lower than in other 

studies. As resistance exercise, we used leg extension and a leg press for 5 

minutes each, which would be considered to be lower intensity and shorter than 

the 10 second maximal sprint11,29 and a longer exercise time13 respectively. 

To assess the long-term effect of exercise on glycemic control in T1D patients, 

we determined HbA1c level, daily total insulin dose, and the number of 
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hypoglycemic events. As mentioned above, the long-term effect of exercise on 

glycemic control is still controversial. Some studies have shown improvements 

of HbA1c after exercise,30,31 but others found no significant change.32,33 One 

meta-analysis found that aerobic exercise was effective in chronic glycemic 

control, but resistance exercise, mixed, high-intensity exercise did not 

significantly improve chronic glycemic control.11 In our study, HbA1c showed 

no improvement after the exercise program, and increased energy consumption 

during exercise might have contributed to this outcome,34 the relatively small 

sample size and short follow-up period are further possibilities.

Daily total insulin dose was assessed to evaluate insulin requirements. In 

contrast to previous research results.31,32 there was no significant change in daily 

total insulin dose. One of the most likely explanations is that the majority of 

enrolled patients were in the pre-pubertal or pubertal stage. A decrease in the 

insulin dose after the exercise program may have been masked by a 

physiological increase in insulin requirements, which increases with progression 

through the adolescent period.35 Further, patients were instructed to decrease the 

dose of basal and pre-meal insulin on the exercise day. We actually observed 

patients reduced their insulin dose during the exercise program and follow-up 

period, which might indicate a decrease in insulin requirements at another point 

in time.

After a follow-up period of 6 months, the number of hypoglycemic events had 

decreased by half. Before completion of the exercise program, patients 
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experienced 8.2 hypoglycemic events per month on average, which decreased to 

4.1 events. The experience of fewer hypoglycemic events is likely to reduce fear 

of exercise and could increase the accessibility and feasibility of exercise in 

T1D patients.

Lipid profiles and CRP levels were examined to assess the risk of vascular 

disease. Many, but not all, previous studies have reported that physical activity 

has a favorable effect on lipid levels and endothelial function in both type 1 and 

2 DM patients.32,36-38 Our study did not reveal significant improvements in lipid 

profiles and CRP levels. This difference may be due to methodical differences 

in that participants of our study were younger and had lipid levels in the normal 

range, which means that it was difficult to show a noticeable benefit.

VO2max is widely accepted as the single best measure of cardiorespiratory 

endurance, and it is universally used to examine the physical fitness of DM 

patients.32,39 After the exercise program, both VO2max and maximum exercise 

intensity has significantly increased. Further, maximum heart rate is another 

measure of exercise intensity, and this had increased slightly after exercise 

program, albeit without showing statistical significance. The increase in power 

of leg extension represents an improvement in muscular strength, but there was 

no significant change in muscle mass, fat mass, and waist/hip ratio in the body 

composition test. These results are in line with previous studies that have 

reported that exercise improves cardiovascular function and physical fitness.32,33

Recently, the beneficial effect of exercise on mental health in young patients 
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has been investigated in a wide range of conditions,15,40 but only a small number 

of studies focus on T1D, especially as far as children and adolescents are 

concerned. We employed diverse psychological tests that were appropriate both 

for patients’ age and disease and the situation of patients and their parents.

CCTT1 has been used to evaluate attention in type 2 DM adults, but not in T1D 

children.41 Our study revealed a significant improvement in attention as 

determined by CCTT1 after the exercise program in T1D children, an 

observation that has been never been made before. But WISC-III and tests for 

executive function (CCTT2) did not reveal significant results. Further, 

assessments for depression (CDI, BDI), and anxiety (RCMAS, STAIC, STAI) 

did not show remarkable improvements. The CBCL test was employed to 

quantify behavioral problems in the T1D patients.42 And, generally, a decreasing 

trend in subunits related to behavioral problems was observed, especially in 

externalizing behavior problems. Moreover, the stress of parents of chronic 

patients and the treatment of the patients are closely associated.43 In the K-PSI 

test, stress scores showed a consistent decrease after the exercise program, 

which could be interpreted as showing that a physically active child is less 

stressful to raise. Finally, an evaluation of quality of life is important in 

establishing a treatment plan in chronic diseases like DM. We used PedsQL 

scores to examine the quality of life of patients and their parents. This showed 

general improvement in all subunits, which is consistent with previous studies 

of effect of exercise on T1D patients.15
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Some researchers have shown that active as opposed to sedentary lifestyles are 

positive for T1D patients.44 In this study, a significant decrease in the number of 

hypoglycemic events and an increase of exercise frequency were observed after 

the exercise program. These outcomes persisted through follow-up period, 

which indicates that the exercise program contributed to the lifestyle 

modification of T1D patients.

A total 20 patients completed the exercise program and follow-up, albeit a 

sample of 20 was not quite sufficient for obtaining statistically significant 

results. In particular, psychological test outcomes vary considerably with age. 

This made it difficult to achieve a sufficient number of patients, which meant 

that any effects were hard to see in the results. Also, a lack of control group can 

be considered an another limitation of the study

V. CONCLUSION

Combined aerobic and resistance exercise under supervision improves 

cardiovascular function, aids lifestyle modification, and positively affects 

mental health in T1D patients. The benefits of exercise on long-term glycemic 

control remain unclear. Further research with larger sample size and longer 

follow-up would be required to elucidate the relationship between exercise and 

T1D.
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ABSTRACT(IN KOREAN)

체계적 근 운동과 산 운동 1형 당뇨병 환 혈당조절

심리적 에 미 향

<지도 수 호 >

연 학 학원 학과

정환

운동 1형 당뇨병에 미 향 운동에 저혈당

우 에 확 혀지지 않았다. 근, 산 운동과

근 운동 함께 시행할 경우, 운동 도 과 후에 생하

저혈당 할 수 다 연 결과가 었다. 또한,

운동 다양한 질환 가진 환 들에게 심리적 정적

효과 가져다 다 연 도 었다. 라 본 연 에

1형 당뇨병 환 들 상 산 운동과 근 운동

시행하여 혈당조절 심폐 , 심리적 에 미 향

확 하고 한다.

25 1형 당뇨병 환 들 집 었고, 종 20 운동과

평가 료하 다. 운동 프 그램 산 운동과

근 운동 었 , 1주에 1시간씩, 12주 간

시행 었다. 평가 운동 시 시점과 3개월 지난 시점,

그리고 6개월 지난 시점에 루어졌다.

산 운동과 근 운동 혈당 어뜨 나, 하루

슐린 사 량과 당화혈색 수 에 향 미 지 못했다.

운동 프 그램 후 산 취량, 근 , 수행 가 한

운동강도 항 가하 다. 주 집 과 삶 질

가하 , 스트 스 제행동 감 하 다. 저혈당

횟수 감 하 , 운동횟수 가하 다.
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12주 동안 산 운동과 근 운동 후, 심폐 가

신경 지 정신행동 평가수 호전, 그리고 삶 질

향상 습 찰할 수 었다.

----------------------------------------------------------------------------------------

핵심 말 : 1형 당뇨병, 청 년, 운동, 산 운동


