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Abstract
Background
Type 1 diabetes mellitus (T1DM) is associated with an increased risk for cardiovascular disease (CVD) related morbidity and premature mortality. Regular physical activity plays an important role in the primary and secondary prevention of CVD, improving overall health and wellbeing. Previous observational studies have examined the associations between self-reported physical activity and CVD risk factors in largely adult Caucasian populations. However, limited work has evaluated the relationship between objectively measured physical activity and CVD risk factors in other ethnicities, particularly Chinese youth living with T1DM.

Methods
This cross-sectional study assessed CVD risk factors, physical activity, and aerobic fitness (and their associations) in Chinese youth living with T1DM (n = 48) and peers (n = 19) without T1DM. Primary outcomes included blood pressure, lipid profiles, and physical activity (accelerometry). Statistical differences between groups were determined with chi-square, independent-samples t-tests, or analysis of covariance. The associations between aerobic fitness, daily physical activity variables, and CVD risk factors were assessed with univariate and multivariate linear regression analyses.

Results
Results were summarized using means and standard deviation (SD) for normally distributed variables and medians and 25–75th quartile for non-normally distributed variables. In comparison to peers without diabetes, youth living with T1DM showed higher levels of total cholesterol (3.14 ± 0.67 vs. 4.03 ± 0.81 mmol·L-1, p = 0.001), low-density lipoprotein cholesterol (1.74 ± 0.38 vs. 2.31 ± 0.72 mmol·L-1, p = 0.005), and triglycerides (0.60 ± 0.40 vs. 0.89 ± 0.31 mmol·L-1 p = 0.012), and lower maximal oxygen power (44.43 ± 8.29 vs. 35.48 ± 8.72 mL·kg-1·min-1, p = 0.003), total physical activity counts (451.01 ± 133.52 vs. 346.87 ± 101.97 counts·min-1, p = 0.004), metabolic equivalents (METs) (2.41 ± 0.60 vs. 2.09 ± 0.41 METs, p = 0.033), moderate-to-vigorous intensity physical activity [MVPA: 89.57 (61.00–124.14) vs (53.19 (35.68–63.16) min, p = 0.001], and the percentage of time spent in MVPA [11.91 (7.74–16.22) vs 8.56 (6.18–10.12) %, p = 0.038]. The level of high-density lipoprotein cholesterol was positively associated with METs (β = 0.29, p = 0.030, model R2 = 0.168), and the level of triglycerides was negatively associated with physical activity counts (β = − 0.001, p = 0.018, model R2 = 0.205) and METs (β = − 0.359, p = 0.015, model R2 = 0.208), and positively associated with time spent in sedentary behaviour (β = 0.002, p = 0.041, model R2 = 0.156) in persons living with T1DM.

Conclusions
Chinese youth with T1DM, despite their young age and short duration of diabetes, present early signs of CVD risk, as well as low physical activity levels and cardiorespiratory fitness compared to apparently healthy peers without diabetes. Regular physical activity is associated with a beneficial cardiovascular profile in T1DM, including improvements in lipid profile. Thus, physical activity participation should be widely promoted in youth living with T1DM.
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Background
Type 1 diabetes mellitus (T1DM) is associated with high risk of microvascular and macrovascular complications, as well as other cardiovascular disease (CVD) risk factors, including obesity, hypertension, hyperglycemia, dyslipidemia, insulin resistance, and physical inactivity [1]. Cardiovascular disease is the most frequent cause of premature death and disability in this population [2]. In fact, the childhood-onset of T1DM has been associated with a higher risk of developing CVD in adulthood [3]. In a cross-sectional study, 76% of children and adolescents with T1DM were found to have one or more risk factors for CVD (i.e., obesity, hypertension, hyperglycemia, or dyslipidemia) [4]. Therefore, there is an urgent need for prevention and treatment strategies to reduce CVD risk factors in children and youth living with T1DM.
One recent systematic review and meta-analysis showed that exercise training can decrease risk factors for CVD by improving cardiovascular fitness, endothelial function, and vascular health in youth living with T1DM [1]. Furthermore, the review also demonstrated that exercise training can reduce the severity of CVD risk factors (such as obesity and body composition, high blood pressure, worsened lipid lipoprotein profile, and systemic inflammation) [1]. The American College of Sports Medicine guidelines for exercise testing and prescription recommend that individuals living with T1DM undertake 150 minutes of exercise at 40–59% of their oxygen uptake reserve (VO2R) or 75 minutes of vigorous intensity exercise (60–89%VO2R) per week, or 30 minutes or more of daily low to moderate intensity physical activity participation [5]. Moreover, the 2018 Diabetes Canada clinical practice guidelines recommend that even smaller amounts of physical activity can provide some health benefits [6].
Despite the clear potential health benefits, individuals living with T1DM may fear or be discouraged from regular physical activity participation due to the lack of adequate knowledge about exercise management and concerns of hypoglycemic episodes [7]. According to a large German/Austrian uncontrolled study of self-reported physical activity, 82.7% of youth aged 3–18 years with T1DM did not meet daily physical activity recommendations and regular physical activity was linked with a beneficial CVD risk profile [8]. In a Canadian study, adolescents with T1DM, surveyed using the Habitual Activity Estimation Scale, were shown to spend more time being less active than their peers without T1DM and physical activity was associated with improved CVD risk profile [9]. Firstly, objective assessments of physical activity such as continuous heart rate monitoring and triaxial accelerometry (activity monitors that measure position and motion) provide more valid data than self-reports of physical activity [10]. Secondly, CVD risk factors may vary between ethnic groups. One recent study found that African immigrants had lower age-standardized hypertension, diabetes mellitus, overweight/obesity, high cholesterol, and current smoking prevalence than African Americans [11]. Collectively, there is limited research examining the relationships between objectively measured physical activity and CVD risk profile, particularly among Chinese youth living with T1DM.
Accordingly, the primary objective of this study was to assess CVD risk factors in Chinese youth living with T1DM in comparison with apparently healthy peers not living with T1DM. The second objective was to evaluate the relationship between objectively measured daily physical activity levels and markers of CVD. We hypothesized that the CVD risk profile in Chinese youth with T1DM would be proatherogenic compared with the profile of apparently healthy peers without diabetes, and that higher physical activity levels would be associated with improved CVD risk factors among Chinese youth with T1DM.
Methods
Study design and participants
We conducted a cross-sectional study including 48 adolescents living with T1DM (World Health Organization (WHO) criteria) and 19 apparently healthy peers without diabetes (aged 12 to 17 years). The participants with T1DM were all Chinese recruited via referral, snowball sampling, and social media. Individuals living with T1DM for at least 6 months with glycosylated hemoglobin (HbA1c) greater than or equal to 7.5% in the last three months, with normal renal function, and free from previous CVD and chronic kidney disease were eligible for participation. Participants with significant diabetic complications (diabetic foot, retinopathy, severe neuropathy), uncontrolled hypertension, diabetic keto-acidosis, CVD (defined as any form of clinical coronary heart disease, stroke or peripheral vascular disease), severe hypoglycemia episodes within the past 3 months were excluded. Participants on lipid lowering therapy were also excluded.
Peers without diabetes (apparently healthy) participants were recruited from local schools and via snowball sampling and were selected to match the diabetic group in age and sex distribution. This apparently healthy group had no known history of chronic disease and no clinical or laboratory evidence of hypertension, cardiac disease, or other problems that would have contraindicated or limited their participation in regular physical activity. Participants that took any medications, which could influence cardiovascular function, lipid lipoprotein profiles, and/or glucose metabolism were excluded from the study.
Recruitment of adolescents with T1DM was done via advertisements in social media platform (e.g., Diabetes Wechat groups), by distributing initial letters to the individuals with T1DM who visited local hospitals, and via snowball sampling. A total of 88 individuals with T1DM aged 12–17 years were recruited for this study, and nine of whom had one or more exclusion criteria were excluded. Seventy-nine participants were eligible for participation and 48 consented to participate the study. In total, 67 participants were recruited, of which 48 had T1DM and 19 participants were peers without diabetes.
Anthropometric measurements
Height was measured in bare feet to the nearest 0.1 cm using a wall-mounted stadiometer. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2) and adjusted for age and sex to give a BMI standard deviation score (BMI z-score). BMI z-score was calculated using the WHO Reference 2007 growth data for the age group 5–19 years with SPSS software (https://​www.​who.​int/​growthref/​tools/​en/​). Waist circumference was measured in triplicate with a flexible tape at the midpoint between the lower margin of the last palpable rib and the top of the iliac crest following WHO guidance [12]. Blood pressure was measured after 10 min of rest in the seated position and the average of three measurements taken 1 min apart was used in the analysis. The cuff was chosen to be of the appropriate size for the participant’s upper arm, with a bladder width that is at least 40% of the arm circumference at a point midway between the olecranon and the acromion and a bladder length to cover 80–100% of the circumference of the arm.
Body composition assessment
Body composition measurements were performed by dual energy X-ray absorptiometry (DXA) using the iDXA instrument (GE Medical Systems, Madison, WI) with Encore 2011 software (version 13.6). All study participants underwent a whole-body scan (Lunar iDXA, GE Healthcare, WI), in which the participant was placed in the supine position, centralized in the DXA scan table.
Puberty and diabetes assessment
Puberty was assessed via a validated self-report questionnaire using pubertal staging images and the children were categorized as prepubertal (Tanner 1), in early puberty (Tanner 2), mid puberty (Tanner 3–4) or post puberty (Tanner 5) [13]. This questionnaire has been validated in Chinese children [14]. Participants were asked to complete a questionnaire upon arrival at the testing location, which included: diabetes history, age, duration of diabetes, complications, insulin regimen, medications, and physical activity levels.
Biochemical investigations
All participants were studied after a 12-h overnight fast and, in the case of T1DM individuals, before their morning insulin injections. Fasting capillary (fingertip) blood glucose samples were taken for analysis of HbA1c, total cholesterol, LDL-C, HDL-C, and triglycerides. Total cholesterol, LDL-C, HDL-C and triglycerides were analyzed using the Cardiochek PA Blood Analyser (Polymer Technology Systems Inc., Indianapolis, IN, USA) and HbA1c were analyzed using the A1cNow+ (Metrika Inc., Sunnyvale, CA, USA). Both devices have been validated previously [15, 16].
Physical activity assessment
Physical activity levels were objectively measured (24 h per day) using triaxial accelerometers (wGT3x-BT ActiGraph LLC, Pensacola, FL, USA). Participants were asked to wear the accelerometers on their non-dominant wrist for seven consecutive days (5 weekdays), except in the water, as the device is water-resistant, but not waterproof. We collected data at 50 Hz, as this sampling frequency has shown to sufficiently capture body movement and allow for five weekdays and two weekend days of data collection [17]. Participants were given a paper calendar-style tracking log on which they were instructed to write down the time they put the accelerometer on and the time they removed it in order to support wear-time compliance.
Data were downloaded with the manufacturer’s software (ActiLife Version 6) and processed using 60-s epochs to derive the following daily physical activity parameters: metabolic equivalent of task (METs, kcal·h−1·kg−1; as an index of the intensity of activities), total daily physical activity counts (CPM), the percentage of time spent in sedentary behaviour, daily average time spent in light intensity physical activity, daily average time spent in moderate-to-vigorous intensity physical activity (MVPA), and the percentage of time spent in MVPA. Sedentary behaviour period (≤ 100 CPM), light intensity physical activity (101–2295 CPM), moderate intensity physical activity (2296–4011 CPM) and vigorous intensity physical activity (≥ 4012 CPM) established cut-offs were used [18]. Moderate-to-vigorous intensity physical activity time accumulated in bouts (prolonged periods) of 10 or more consecutive minutes following physical activity guidelines was also derived [19]. Sedentary time accumulated in bouts of 20 or more consecutive minutes, which has been shown to have a negative effect on cardio-metabolic biomarkers [20], was also derived. The non-wear period was defined as a minimum of 60 min of continuous zero counts according to ActiLife’s default option and at least 600 min of wear time per day without excessive counts (> 20,000 CPM) was required to be considered valid [21]. At least three valid wear days were required to be included in the analysis.
Resting energy expenditure was estimated from accelerometer counts and age-specific prediction equations to derive the metabolic equivalent of MET intensity levels. The equation was: METs = 2.757 + (0.0015*CPM)—(0.08957*age)—(0.000038*CPM*age) [22].
Physical fitness assessment
Participants were screened for any cardiovascular complications and the readiness for exercise testing using the Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) [23] prior to physical fitness test. The Leger 20-metre shuttle run test was used for aerobic fitness assessment. The frequency of the sound signals increased in such a way that running speed was increased by 0.5 km·h-1 each minute from a starting speed of 8.5 km·h-1. The test stopped when the participants were no longer able to follow the set pace. If patients experienced hypoglycemia during their laboratory stay, a 15 g carbohydrate bolus was administered (Glucose drinks, Henan Three Connaught food Co., LTD, China). Hypoglycemia was defined as a blood glucose concentration of ≤ 3.9 mmol·L-1 and hyperglycemia ≥ 10.9 mmol·L-1 [24].
Statistical analysis
All statistical analyses were performed using the SPSS 20 for Windows (Statistical Package for the Social Sciences). Data were screened for normal distribution. The chi-square test was used for comparison of proportion (categorical variable including sex and pubertal status) between groups, and independent-samples t-tests were used for comparison of the continuous variables (i.e., age, height, body composition, BMI, cardiovascular risk factors and daily physical activity variables) between groups. Cohen’s d effect size was calculated for t-tests and described as small (d = 0.2), moderate (d = 0.5) and large (d = 0.8) based on benchmarks suggested by Cohen [25]. We included BMI z-score as a covariate in an analysis of covariance (ANCOVA) for statistical differences between groups by reducing the error variance because BMI z-score correlates with the blood pressure, daily physical activity variables, lipid profiles, and aerobic fitness. The non-parametric test (Mann-Whitney) was used to compare time spent in MVPA and the percentage of time in MVPA among groups as the distributions were not normal. Effect size statistic for the Mann–Whitney test is r, which was calculated by dividing Z by the square root of total number of samples (r = Z/√N) and described as small (r = 0.1), moderate (r = 0.3) and large (r = 0.5). Results were summarized using means and standard deviation (SD) for normally distributed variables, medians and 25–75th quartile for non-normally distributed variables and using frequencies and percentages for categorical variables.
The associations between aerobic fitness, daily physical activity variables and cardiovascular risk factors were assessed with univariate linear regression analysis (Step 1) in T1DM group and apparently healthy peers without diabetes, and multivariate linear regression analysis (Step 2) adjusting for age, sex, insulin dose, BMI z-score and pubertal stage in individuals with T1DM and adjusting for age, sex, BMI z-score and pubertal stage in apparently healthy peers not living with diabetes. The probability was considered to be statistically significant at p value < 0.05.
Results
The demographic characteristics and laboratory results of individuals with T1DM and apparently healthy peers without diabetes are presented in Table 1. Specific descriptive data in youth with T1DM are presented in Table 2. No significant differences were shown between groups for age, sex, pubertal stage, height, body mass, body fat percentage, BMI, waist circumference, and blood pressure (all p > 0.05). T1DM participants showed significantly higher values of total cholesterol (4.03 ± 0.81 vs. 3.14 ± 0.67 mmol·L−1, p = 0.001, d = 1.20), LDL-C (2.31 ± 0.72 vs. 1.74 ± 0.38 mmol·L−1, p = 0.005, d = 0.99), triglycerides (0.89 ± 0.31 vs. 0.60 ± 0.40 mmol·L−1, p = 0.012, d = 0.81) compared to apparently healthy peers without diabetes.Table 1Comparison of descriptive data between young people with type 1 diabetes mellitus and apparently healthy peers without diabetes


	 	T1DM (n = 48)
	Peers without diabetes (n = 19)
	 	 
	 	Mean
	SD
	Mean
	SD
	p
	Adjusted p

	Sex (male/ female) (%)
	37.5/62.5
	 	42.1/57.9
	 	0.129
	 
	Pubertal stage (n)
	 	 	 	 	0.543
	 
	Stage 1 (Not started)
	18
	 	7
	 	 	 
	Stage 2 (Barely started)
	8
	1
	 
	Stage 3 (Definitely underway)
	12
	6
	 
	Stage 4 (Seems completed)
	5
	1
	 
	Stage 5 (Completed)
	5
	4
	 
	Ages (y)
	14.02
	2.89
	13.58
	3.46
	0.601
	 
	Body mass (kg)
	49.48
	12.56
	52.34
	15.45
	0.452
	 
	Height (m)
	1.60
	0.13
	1.59
	0.13
	0.772
	 
	BMI (kg∙m−2)
	18.97
	3.10
	20.38
	3.32
	0.119
	 
	BMI z-score
	− 0.27
	1.16
	0.50
	1.01
	0.018*
	 
	Body fat (%)
	29.28
	9.54
	28.42
	6.61
	0.765
	0.084

	Waist circumference (cm)
	67.63
	7.96
	73.65
	8.22
	0.055
	0.151

	Systolic blood pressure (mmHg)
	106.07
	16.72
	107.07
	15.45
	0.837
	0.778

	Diastolic blood pressure (mmHg)
	65.24
	11.65
	65.75
	9.88
	0.878
	0.821

	Total cholesterol (mmol∙L−1)
	4.03
	0.81
	3.14
	0.67
	0.001*
	0.001

	HDL-C (mmol∙L−1)
	1.48
	0.28
	1.29
	0.42
	0.078
	0.184

	LDL-C (mmol∙L−1)
	2.31
	0.72
	1.74
	0.38
	0.005*
	0.008

	Triglycerides (mmol∙L−1)
	0.89
	0.31
	0.60
	0.40
	0.012*
	0.007

	Estimated VO2max (mL∙kg−1∙min−1)
	35.48
	8.72
	44.43
	8.29
	0.003*
	0.003

	METs (kcal∙h−1∙kg−1)‡
	2.09
	0.41
	2.41
	0.60
	0.066
	0.075

	Physical activity counts (CPM)‡
	346.87
	101.97
	451.01
	133.52
	0.004*
	0.033

	Light physical activity (min∙day−1)‡
	335.93
	120.16
	449.33
	89.55
	0.002*
	0.003

	Percentage of time spent in Sedentary behaviour (%)‡
	36.34
	11.04
	28.86
	12.56
	0.04*
	0.095


Data are presented as means and standard deviation (SD)
T1DM type 1 diabetes mellitus, n number, y year, BMI body mass index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, VO2max maximal aerobic power, METs metabolic equivalents, CPM counts-per-minute, adjusted p ANCOVA adjusted for BMI z-score
*Statistically significant difference (p < 0.05) between T1DM and apparently healthy peers without diabetes
‡Sixteen of 19 apparently healthy participants not living with diabetes and 40 of 48 participants with T1DM had valid physical activity data


Table 2Specific descriptive data in young people living with type 1 diabetes mellitus


	 	Type 1 diabetes mellitus (n = 48)

	 	Mean
	SD

	Diabetes duration (years)
	3.64
	2.29

	Pubertal Stage (n)
	 	 
	Prepubertal (Tanner 1)
	18
	 
	Early puberty (Tanner 2)
	8

	Mid-puberty (Tanner 3‐4)
	17

	Post-puberty (Tanner 5)
	5

	MDI
	30
	 
	CSII
	18
	 
	CGM
	26
	 
	SMBG
	22
	 
	HbA1c (mmol∙mol−1)
	61
	9

	HbA1c (%)
	7.70
	2.47

	Insulin dose (unit∙kg−1∙day−1)
	0.87
	0.29


Data are presented as means and standard deviation (SD)
MDI multiple daily injection, CSII continuous subcutaneous insulin infusion, CGM Continuous Glucose Monitoring, SMBG self-monitoring of blood glucose, HbA1c Glycosylated hemoglobin



Individuals living with T1DM had significantly lower maximal aerobic power (VO2max) (35.48 ± 8.72 vs. 44.43 ± 8.29 mL·kg−1·min−1, p = 0.003, d = 1.05), total daily physical activity counts (346.87 ± 101.97 vs. 451.01 ± 133.52 CPM, p = 0.004, d = 0.88), and daily light physical activity (335.93 ± 120.16 vs. 449.33 ± 89.55 min, p = 0.002, d = 1.07), with higher percentage of time spent in sedentary behaviour (36.34 ± 11.04 vs. 28.86 ± 12.56, p = 0.04, d = 0.63) compared with healthy participants. In persons living with T1DM, median MVPA [(53.19 (35.68—63.16) vs 89.57 (61.00—124.14) min, p = 0.001, r = 0.40] and median percentage of time spent in MVPA [(8.56 (6.18–10.12) vs 11.91 (7.74—16.22) %, p = 0.038, r = 0.25] were significantly lower compared to apparently healthy peers without diabetes. Because of the observed differences in BMI z-score, the p value of main outcomes adjusted for the differences were also calculated (Table 1). ANCOVA of controlling BMI z-score did not impact the overall significance of the main outcomes between two groups (Table 1).
We investigated the within-group relationships between CVD risk factors (blood pressure, HbA1c, HDL-C, LDL-C, total cholesterol, and triglycerides) and aerobic fitness or daily physical activity variables with bivariate analysis. For participants with T1DM, the METs correlated positively with HDL-C (r = 0.410, p = 0.030) and negatively with triglycerides (r = − 0.456, p = 0.015) (Table 3). Also, there is a significant correlation between triglycerides and time spent in sedentary behaviour (r = 0.395, p = 0.041), and physical activity counts (r = − 0.453, p = 0.018) (Table 3). No similar relationships were shown in healthy participants (p > 0.05).Table 3Correlation between cardiovascular risk factors and daily physical activity variables in young people living with type 1 diabetes mellitus


	 	 	(1)
	(2)
	(3)
	(4)
	(5)

	(1) HDL-C
	Pearson’s r
	–
	 	 	 	 
	 	p
	–
	 	 	 	 
	(2) Triglycerides
	Pearson’s r
	− 0.450
	–
	 	 	 
	 	p
	0.010*
	–
	 	 	 
	(3) METs
	Pearson’s r
	0.410
	− 0.456
	–
	 	 
	 	p
	0.030*
	0.015*
	–
	 	 
	(4) Physical activity counts
	Pearson’s r
	0.331
	− 0.453
	0.837
	–
	 
	 	p
	0.091
	0.018*
	0.000*
	–
	 
	(5) Time spent in sedentary behavior
	Pearson’s r
	− 0.254
	0.395
	− 0.509
	− 0.446
	–

	 	p
	0.201
	0.041*
	0.003*
	0.010*
	–


HDL-C high-density lipoprotein cholesterol, METs metabolic equivalents
*Statistically significant difference (p < 0.05)



Linear regression models are presented in Table 4 and showed that HDL-C in persons with T1DM were positively associated with METs (β = 0.29, p = 0.030, model R2 = 0.168), but the results changed after adjusting for age, sex, pubertal stage, BMI z-score (β = 0.305, p = 0.195, model R2 = 0.305). Linear regression models adjusted for age, sex, pubertal stage, BMI z-score, and insulin treatment showed that there was a trend for a negative association between HDL-C in T1DM and time spent in sedentary behaviour (β = − 0.002, p = 0.060, model R2 = 0.597). HDL-C in apparently healthy peers without diabetes was not significantly associated with daily physical activity variables and VO2max. Triglycerides were negatively associated with daily physical activity counts (β = − 0.001, p = 0.018, model R2 = 0.205) and METs (β = − 0.359, p = 0.015, model R2 = 0.208), positively associated with time spent in sedentary behaviour (β = 0.002, p = 0.041, model R2 = 0.156) in persons with T1DM, but the results changed to non-significance after adjusting for age, sex, pubertal stage, BMI z-score (Table 5).Table 4Linear regression model examining the association between HDL-C and physical activity variables after adjusting by potential confounders in young people living with type 1 diabetes mellitus


	Independent variables
	Dependent variable: HDL-C
	 
	β
	95%CI
	p
	Adjusted R2
	R2

	METs (kcal∙h−1∙kg−1)
	 
	 Step 1 (unadjusted)
	0.290
	0.030
	0.551
	0.030
	0.136
	0.168

	 Step 2 (adjusted†)
	0.305
	− 0.172
	0.781
	0.195
	0.537
	0.305

	Sedentary behaviour (min∙day−1)
	 	 	 	 	 	 
	 Step 1 (unadjusted)
	− 0.001
	− 0.003
	0.001
	0.201
	0.027
	0.065

	 Step 2 (adjusted†)
	− 0.002
	− 0.003
	0.000
	0.060
	0.383
	0.597


METs metabolic equivalents, HDL-C high-density lipoprotein cholesterol, β estimated value, CI confidence interval, R2 coefficient of determinations
†adjusted for age, sex, insulin dose, BMI z-score, and pubertal stage


Table 5Linear regression model examining the association between triglycerides and physical activity variables after adjusting by potential confounders in young people living with type 1 diabetes mellitus


	Independent variables
	Dependent variable: Triglycerides
	 
	β
	95%CI
	p
	Adjusted R2
	R2

	Physical activity counts (CPM)
	 
	 Step 1 (unadjusted)
	− 0.001
	− 0.003
	0.000
	0.018
	0.173
	0.205

	 Step 2 (adjusted †)
	− 0.001
	− 0.002
	0.001
	0.344
	0.178
	0.463

	METs (kcal∙h−1∙kg−1)
	 	 	 	 	 	 
	 Step 1 (unadjusted)
	− 0.359
	− 0.641
	− 0.077
	0.015
	0.178
	0.208

	 Step 2 (adjusted†)
	− 0.272
	− 0.839
	0.295
	0.326
	0.202
	0.468

	Sedentary behaviour (min∙day−1)
	 	 	 	 	 	 
	 Step 1 (unadjusted)
	0.002
	0.000
	0.003
	0.041
	0.122
	0.156

	 Step 2 (adjusted†)
	0.001
	− 0.001
	0.003
	0.299
	0.187
	0.468


CPM counts-per-minute, METs metabolic equivalents, β estimated value, CI confidence interval, R2 coefficient of determinations
†Adjusted for age, sex, insulin dose, BMI z-score, and pubertal stage



Discussion
Similar to the finding in other ethnicities [8, 9], increased levels of risk factors for CVD were found in Chinese youth living with T1DM compared with peers without diabetes. A significant correlation among physical activity levels and components of lipid profile was found when confounders of age, sex, pubertal stage, BMI z-score, and insulin treatment were included. Our findings emphasize the importance of promoting daily physical activity among Chinese youth living with T1DM.
A large proportion (45%) of T1DM patients are exposed to a high risk of early all-cause mortality and premature cardiovascular disease [26, 27]. Adults living with T1DM have a high prevalence of dyslipidemia [28, 29]. Youth with T1DM have proteomic alterations in their HDL compared peers without diabetes and are at increased risk of CVD [30]. Corroborating this, our results showed that Chinese youth living with T1DM have increased total cholesterol, LDL-C, and triglycerides compared to apparently healthy peers without diabetes. Similarly, a previous study showed that Caucasian youth with T1DM (aged 5–15 years) had elevated values of total cholesterol and LDL-C compared to peers without diabetes [31]. Lipids levels are very important in predicting adverse cardiovascular outcomes [32]. Previous studies showed that LDL-C independently correlated with abnormal plethysmography responses [33], endothelial dysfunction [34], carotid intimal medial thickness [35], and aortic intimal medial thickness [36] in youth living with T1DM. Moreover, Katz et al. showed lack of knowledge and parental concerns regarding controlling blood pressure and lipid levels at a young age as patient-related reasons for undertreatment of CVD risk factors in youth with T1DM [37]. Of note, the median duration of diabetes in our study was less than 4 years, which suggests that the functional changes in lipid profiles start very early in the course of the disease and likely deteriorate to over time, previous studies have similarly demonstrated atherogenic lipoprotein profiles in youth with a short duration of diabetes [29], which highlights the importance of optimizing the management of T1DM for lifelong habits and increases awareness of early treatment of CVD risk factors in youth with T1DM.
The management of T1DM is challenging as individuals with T1DM must strategically manage their insulin administration, carbohydrate intake, ketones, exercise, and possible other hormones to maintain their blood glucose levels in the target range [38]. Regular exercise is an important and integral component of effective treatment of T1DM, but glycemic management of exercise is particularly difficult for individuals with T1DM. Because determinants of the direction (increase/decrease) and magnitude of the glycemic response to exercise are variable and based on several factors, including the duration and intensity (high vs. moderate or low intensity) of exercise, individual’s characteristics (endogenous insulin sensitivity, and the effect of aerobic fitness to increase insulin sensitivity), and contextual factors (pre-exercise blood glucose level, insulin- and carbohydrates-on-board, and concentration of counter regulatory hormones) [39]. Consequently, the role of exercise in glycemic control is less clearly defined. Our results showed no significant associations between daily physical activity variables and HbA1c in youth with T1DM. Similar results have been demonstrated in previous studies. Ligtenberg et al. found that glycemic control was not associated with physical activity in adults (aged 18–45 years) living with T1DM [40]. Wieliczko et al. reported that there was no correlation between the time spent every week participating in sports and glycated hemoglobin levels in children and adolescents with T1DM [41]. On the contrary, Herbst et al. found increasing physical activity was associated with better HbA1c levels in 23,251 children living with T1DM [8]. Valerio et al. have reported that regular physical activity was associated with better metabolic control and lipid profile in 138 children and adolescents with T1DM [42]. One of the possible reasons for the inconsistency could be differences in sample size between studies, with larger sample sizes being required to find significant findings. The other reasons could be possible variation in carbohydrate intake and insulin dosage (for avoiding hypoglycaemia episodes that caused by exercise), stress or stricter medical monitoring, which may all influence glycaemic status.
Regular exercise, physical activity participation, and reduced sedentary behaviour are important for CVD risk management [43]. Physical activity can improve the metabolic profile, bone mineral density, cardiorespiratory fitness and insulin sensitivity while lowering mortality risk in children with T1DM and physical activity habits developed during childhood and the associated health benefits may carry forward into adulthood [44]. Contrary to this belief, a recent study with small sample size (n = 14) indicates that vigorous exercise (56% of VO2max) in hot environment (35 ℃, relative humidity ~ 20%) can exacerbate reductions in cardiac autonomic modulation in young individuals with T1DM. Further larger-scale confirmatory studies are warranted to confirm the potential risks of vigorous exercise in this population [45]. The latest guidelines published in 2018 by the International Society for Paediatric and Adolescent Diabetes (ISPAD) recommend that children (aged 5–11 y) and adolescents (aged 12–17 y) should aim for 60 min or more per day of MVPA physical activity and minimize sedentary time, and participate in vigorous intensity exercise, muscle and bone strengthening exercise at least three times a week [46]. In our study, individuals living with T1DM did not achieve the minimal time of daily MVPA (60 min). Moreover, total daily physical activity count and the time spent in MVPA were significantly lower in individuals with T1DM than apparently healthy peers without diabetes (mean difference − 36 min). Reduced and insufficient physical activity during childhood is an important risk factor for CVD [47]. Results of an observational study of children and adolescents (aged 4–18 years) demonstrated associations between increased time spent in sedentary activities with decreased levels of physical activity and related cardiovascular risk factors [48]. Furthermore, cardiorespiratory fitness was significantly reduced in individuals with T1DM compared with apparently healthy peers without diabetes in our study. Similarly, previous research also found that adolescents with T1DM have a lower aerobic exercise capacity when compared with normal controls [49, 50]. However, well-documented evidence of randomized controlled trials showed that there was improvement in cardiorespiratory fitness with exercise training [51–54]. These results highlight the importance to engage in regular physical exercise for persons living with T1DM. Importantly, very small volumes of physical activity appear to have significant health benefits [1, 31].
A positive association between HDL-C and METs, and a trend for a negative association between HDL-C and time spent in sedentary behaviour was found in the T1DM group. Furthermore, triglycerides were negatively associated with daily physical activity counts and METs, and positively associated with time spent in sedentary behaviour in youth with T1DM, while these relationships were not shown in the apparently healthy peers without diabetes. These results are in agreement with previous studies in youth with T1DM that regular physical activity was associated with improved metabolic control and lipid profile in adolescents with T1DM [42, 55]. However, age, sex, pubertal stage, BMI z-score, and insulin treatment may affect an individual’s physical activity variables and lipid profiles. Therefore, it is expected in multivariable analyses that potential confounding factors (age, sex, pubertal stage, BMI z-score, and insulin treatment) would decrease the association with physical activity variables and lipid profiles. Martin and colleagues revealed that each MET (approximately 3.5 mL·kg−1·min−1) increase in cardiorespiratory fitness was associated with a 25% point reduction in all-cause mortality [56]. Furthermore, in a systematic review and meta-analysis of physical activity and major chronic diseases showed that increased exercise, from achieving 11.25 MET-hours per week (675 MET-minutes per week), may be effective to decrease incidence and mortality of cardiovascular disease by 17% and 23%, respectively [57]. Therefore, our observation suggests that increased daily physical activity has positive effects on CVD risk factors. Interpretation of these findings should be considered with the confounding effects of age, sex, pubertal stage, BMI z-score, and insulin treatment. Further research in this field is warranted.
Limitations
The major strengths of the study include a well characterized cohort of Chinese youth living with T1DM and apparently healthy peers without diabetes and the use of an objective and reliable method to assess the physical activity levels and aerobic fitness. There were some potential limitations with our study. First, because of small sample size, our study may have been underpowered to detect significant changes in some variables. Second, wGT3x-BT triaxial accelerometers are water-resistant, but not waterproof, participants were required to remove the device when they engaged in aquatic activities such as swimming, which would lead to a potential underestimation of total physical activity levels. We only measured physical activity for one week, and this may not reflect the annual physical activity pattern. Third, the cross-sectional nature of this study does not allow determining causality; however, there was compelling information demonstrating important relationships between regular physical activity and the risk for CVD in youth living with T1DM. A randomized controlled trial including a structured exercise training program would be required. Furthermore, there was a potential for selection bias since not all diabetic individuals who were approached agreed to participate in the study (48 out of 79 diabetic participants consented to participate the study). It is possible that the individuals who were more sedentary or inactive may have been less willing to participate in the study. Additionally, the sample size in apparently healthy group was less than T1DM group, and the power is based on the smaller sample.
Conclusions
Our findings provide evidence that, despite their young age and short duration of diabetes, Chinese youth living with T1DM exhibit proatherogenic lipid profiles characterized by higher total cholesterol, LDL-C, and triglycerides, which is similar to that of other ethnicities. Furthermore, Chinese youth living with T1DM showed lower physical activity levels and VO2max compared to apparently healthy peers not living with diabetes. Being physically active may reduce the risk for CVD in youth living with T1DM when confounders of age, sex, pubertal stage, BMI z-score, and insulin treatment were included. As such, further larger-scale experimental design studies (e.g. randomized controlled trials) are warranted to confirm the findings. Accordingly, this study provides compelling evidence supporting the promotion of physical activity in youth living with T1DM to reduce the risk for cardiovascular morbidity and premature mortality.
Acknowledgments
We would like to thank the participants and their families for participating in this study. We acknowledge the important role of all the nurses in Ji’nan for participant recruitment.

Authors’ contributions
NW contributed to study design, data collection, data analysis, and writing of the manuscript. SSDB contributed to the methodology. SSDB, VKJ, MSK, and DERW contributed to critical review and editing of the manuscript. YG contributed to data collection, statistical analysis and reviewing the manuscript. EMS contributed to reviewing and editing the manuscript. YL and JL contributed to coordinating the study implementation. NW and DERW is the guarantor of this work and, as such, had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. All authors were involved in revising the manuscript critically for important intellectual content and have read and agreed to the published version of the manuscript.

Funding
This research was supported by Kinesiology Graduate Student Research Grant form School of Kinesiology, The University of British Columbia. This study was conducted as part of a PhD for N.W. Funded by China Scholarship Council (CSC) scholarships.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol received approval from, and was executed in exact accordance with, the ethical guidelines set forth by the University Clinical Research Ethics Board in accordance with the Declaration of Helsinki for research involving human participants. The experimental procedures and risks were explained to participants both verbally and in writing, and written informed consent and assent were obtained from parents and children prior to study participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Wu N, Bredin SS, Guan Y, Dickinson K, Kim DD, Chua Z, Kaufman K, Warburton DE. Cardiovascular health benefits of exercise training in persons living with type 1 diabetes: a systematic review and meta-analysis. J Clin Med. 2019;8(2):253.PubMedCentral

	2.
Dawson SI, Willis J, Florkowski CM, Scott RS. Cause-specific mortality in insulin-treated diabetic patients: a 20-year follow-up. Diabetes Res Clin Pract. 2008;80(1):16–23.PubMed

	3.
Skrivarhaug T, Bangstad H-J, Stene L, Sandvik L, Hanssen K, Joner G. Long-term mortality in a nationwide cohort of childhood-onset type 1 diabetic patients in Norway. Diabetologia. 2006;49(2):298–305.PubMed

	4.
Steigleder-Schweiger C, Rami-Merhar B, Waldhör T, Fröhlich-Reiterer E, Schwarz I, Fritsch M, Borkenstein M, Schober E. Prevalence of cardiovascular risk factors in children and adolescents with type 1 diabetes in Austria. Eur J Pediatr. 2012;171(8):1193–202.PubMed

	5.
Riebe D, Ehrman JK, Liguori G, Magal M: ACSM's Guidelines for Exercise Testing and Prescription, vol. 58, 10 edn. Philadelphia: Wolters Kluwer, American College of Sports Medicine.; 2018.

	6.
Diabetes Canada Clinical Practice Guidelines Expert Committee, Sigal RJ, Armstrong MJ, Bacon SL, Boulé NG, Dasgupta K, Kenny GP, Riddell MC: Diabetes Canada 2018 clinical practice guidelines for the prevention and management of diabetes in Canada: Physical Activity and Diabetes. Canadian Journal of Diabetes 2018, 42(Suppl 1):S54–63

	7.
Johnson S, Cooper M, Davis E, Jones T. Hypoglycaemia, fear of hypoglycaemia and quality of life in children with Type 1 diabetes and their parents. Diabet Med. 2013;30(9):1126–31.PubMed

	8.
Herbst A, Kordonouri O, Schwab KO, Schmidt F, Holl RW. Impact of physical activity on cardiovascular risk factors in children with type 1 diabetes: a multicenter study of 23,251 patients. Diabetes Care. 2007;30(8):2098–100.PubMed

	9.
Mohammed J, Deda L, Clarson CL, Stein RI, Cuerden MS, Mahmud FH. Assessment of habitual physical activity in adolescents with type 1 diabetes. Can J Diabetes. 2014;38(4):250–5.PubMed

	10.
Sirard JR, Pate RR. Physical activity assessment in children and adolescents. Sports Med. 2001;31(6):439–54.PubMed

	11.
Turkson-Ocran RAN, Nmezi NA, Botchway MO, Szanton SL, Golden SH, Cooper LA, Commodore-Mensah Y. Comparison of cardiovascular disease risk factors among african immigrants and African Americans: an analysis of the 2010 to 2016 national health interview surveys. J Am Heart Assoc. 2020;9(5):e013220.PubMedPubMedCentral

	12.
Organization WH. Waist circumference and waist-hip ratio: report of a WHO expert consultation, Geneva, 8–11 December 2008; 2008.

	13.
Morris NM, Udry JR. Validation of a self-administered instrument to assess stage of adolescent development. J Youth Adolesc. 1980;9(3):271–80.PubMed

	14.
Chan NP, Sung RY, Kong AP, Goggins WB, So HK, Nelson EAS. Reliability of pubertal self-assessment in Hong Kong Chinese children. J Paediatr Child Health. 2008;44(6):353–8.PubMed

	15.
Carter AW. An analysis of the assessment of glycated hemoglobin using A1cNow+TM point-of-care device compared to central laboratory testing—an important addition to pharmacist-managed diabetes programs? J Diabetes Sci Technol. 2008;2(5):828–30.PubMedPubMedCentral

	16.
Panz VR, Raal FJ, Paiker J, Immelman R, Miles H. Performance of the CardioChekTM PA and Cholestech LDX (R) point-of-care analysers compared to clinical diagnostic laboratory methods for the measurement of lipids: cardiovascular topic. Cardiovasc J S Afr. 2005;16(2):112–6.PubMed

	17.
Bouten CV, Koekkoek KT, Verduin M, Kodde R, Janssen JD. A triaxial accelerometer and portable data processing unit for the assessment of daily physical activity. IEEE Trans Biomed Eng. 1997;44(3):136–47.PubMed

	18.
Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two objective measures of physical activity for children. J Sports Sci. 2008;26(14):1557–65.PubMed

	19.
Tremblay MS, Warburton DE, Janssen I, Paterson DH, Latimer AE, Rhodes RE, Kho ME, Hicks A, LeBlanc AG, Zehr L. New Canadian physical activity guidelines. Appl Physiol Nutr Metab. 2011;36(1):36–46.PubMed

	20.
Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, Shaw JE, Bertovic DA, Zimmet PZ, Salmon J, et al. Breaking up prolonged sitting reduces postprandial glucose and insulin responses. Diabetes Care. 2012;35(5):976–83.PubMedPubMedCentral

	21.
Biddle GJ, Edwardson CL, Rowlands AV, Davies MJ, Bodicoat DH, Hardeman W, Eborall H, Sutton S, Griffin S, Khunti K. Differences in objectively measured physical activity and sedentary behaviour between white Europeans and south Asians recruited from primary care: cross-sectional analysis of the PROPELS trial. BMC Public Health. 2019;19(1):95.PubMedPubMedCentral

	22.
Freedson P, Pober D, Janz KF. Calibration of accelerometer output for children. Med Sci Sports Exerc. 2005;37(11):S523–30.PubMed

	23.
Warburton DE, Jamnik V, Bredin SS, Shephard RJ, Gledhill N. The 2019 physical activity readiness questionnaire for everyone (PAR-Q+) and electronic physical activity readiness medical examination (ePARmed-X+). Health Fit J Can. 2018;11(4):80–3.

	24.
Yardley JE, Kenny GP, Perkins BA, Riddell MC, Malcolm J, Boulay P, Khandwala F, Sigal RJ. Effects of performing resistance exercise before versus after aerobic exercise on glycemia in type 1 diabetes. Diabetes Care. 2012;35(4):669–75.PubMedPubMedCentral

	25.
Cohen J. Statistical power analysis for the behavioral sciences. Cambridge: Academic press; 2013.

	26.
Lee Y-B, Han K, Kim B, Lee S-E, Jun JE, Ahn J, Kim G, Jin S-M, Kim JH. Risk of early mortality and cardiovascular disease in type 1 diabetes: a comparison with type 2 diabetes, a nationwide study. Cardiovasc Diabetol. 2019;18(1):157.PubMedPubMedCentral

	27.
Tecce N, Masulli M, Lupoli R, Della Pepa G, Bozzetto L, Palmisano L, Rivellese AA, Riccardi G, Capaldo B. Evaluation of cardiovascular risk in adults with type 1 diabetes: poor concordance between the 2019 ESC risk classification and 10-year cardiovascular risk prediction according to the Steno Type 1 Risk Engine. Cardiovasc Diabetol. 2020;19(1):1–9.

	28.
Snell-Bergeon JK, Nadeau K. Cardiovascular disease risk in young people with type 1 diabetes. J Cardiovasc Transl Res. 2012;5(4):446–62.PubMed

	29.
Gourgari E, Playford MP, Campia U, Dey AK, Cogen F, Gubb-Weiser S, Mete M, Desale S, Sampson M, Taylor A, et al. Low cholesterol efflux capacity and abnormal lipoprotein particles in youth with type 1 diabetes: a case control study. Cardiovasc Diabetol. 2018;17(1):158.PubMedPubMedCentral

	30.
Gourgari E, Ma J, Playford MP, Mehta NN, Goldman R, Remaley AT, Gordon SM. Proteomic alterations of HDL in youth with type 1 diabetes and their associations with glycemic control: a case–control study. Cardiovasc Diabetol. 2019;18(1):1–11.

	31.
Abregu AV, Carrizo TR, Prado MM, Velarde MS, Diaz EI, Perez AR, Fonio MC, Bazan MC. Cardiovascular risk factors in children with type 1 diabetes and their relationship with the glycemic control. Medicina. 2005;65(5):385.PubMed

	32.
Haskell WL, Lee I-M, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA, Heath GW, Thompson PD, Bauman A. Physical activity and public health: updated recommendation for adults from the American College of Sports Medicine and the American Heart Association. Circulation. 2007;116(9):1081.PubMed

	33.
Nadeau KJ, Regensteiner JG, Bauer TA, Brown MS, Dorosz JL, Hull A, Zeitler P, Draznin B, Reusch JE. Insulin resistance in adolescents with type 1 diabetes and its relationship to cardiovascular function. J Clin Endocrinol Metab. 2010;95(2):513–21.PubMed

	34.
Järvisalo MJ, Raitakari M, Toikka JO, Putto-Laurila A, Rontu R, Laine S, Lehtimäki T, Rönnemaa T, Viikari J, Raitakari OT. Endothelial dysfunction and increased arterial intima-media thickness in children with type 1 diabetes. Circulation. 2004;109(14):1750–5.PubMed

	35.
Singh TP, Groehn H, Kazmers A. Vascular function and carotid intimal-medial thickness in children with insulin-dependent diabetes mellitus. J Am Coll Cardiol. 2003;41(4):661–5.PubMed

	36.
Harrington J, Peña AS, Gent R, Hirte C, Couper J. Aortic intima media thickness is an early marker of atherosclerosis in children with type 1 diabetes mellitus. J Pediatr. 2010;156(2):237–41.PubMed

	37.
Katz ML, Guo Z, Cheema A, Laffel LM. Management of cardiovascular disease risk in teens with type 1 diabetes: perspectives of teens with and without dyslipidemia and parents. Pediatr Diabetes. 2019;20(2):210–6.PubMedPubMedCentral

	38.
Johnson B, Norman P, Sanders T, Elliott J, Whitehead V, Campbell F, Hammond P, Ajjan R, Heller S. Working with Insulin, Carbohydrates, Ketones and Exercise to Manage Diabetes (WICKED): evaluation of a self-management course for young people with Type 1 diabetes. Diabet Med. 2019;36(11):1460–7.PubMed

	39.
Chetty T, Shetty V, Fournier PA, Adolfsson P, Jones TW, Davis EA. Exercise management for young people with type 1 diabetes: a structured approach to the exercise consultation. Front Endocrinol. 2019;10:326.

	40.
Ligtenberg PC, Blans M, Hoekstra JB, van der Tweel I, Erkelens DW. No effect of long-term physical activity on the glycemic control in type 1 diabetes patients: a cross-sectional study. Neth J Med. 1999;55(2):59–63.PubMed

	41.
Wieliczko M, Gobert M, Mallet E. The participation in sports of diabetic children A survey in the Rouen region. In: Annales de pediatrie, vol. 38; 1991. pp 84–88.

	42.
Valerio G, Spagnuolo MI, Lombardi F, Spadaro R, Siano M, Franzese A. Physical activity and sports participation in children and adolescents with type 1 diabetes mellitus. Nutr Metab Cardiovasc Dis. 2007;17(5):376–82.PubMed

	43.
Warburton DE, Bredin SS. Health benefits of physical activity: a systematic review of current systematic reviews. Curr Opin Cardiol. 2017;32(5):541–56.PubMed

	44.
Dimitri P, Joshi K, Jones N. Moving more: physical activity and its positive effects on long term conditions in children and young people. Arch Dis Child. 2020;105(11):1035–40.PubMed

	45.
Macartney MJ, Notley SR, Herry CL, Seely AJ, Sigal RJ, Kenny GP. Cardiac autonomic modulation in type 1 diabetes during exercise-heat stress. Acta Diabetol. 2020. https://​doi.​org/​10.​1139/​apnm-2020-0785.CrossrefPubMed

	46.
Adolfsson P, Riddell MC, Taplin CE, Davis EA, Fournier PA, Annan F, Scaramuzza AE, Hasnani D, Hofer SE. ISPAD Clinical Practice Consensus Guidelines 2018: exercise in children and adolescents with diabetes. Pediatr Diabetes. 2018;19:205–26.PubMed

	47.
Eisenmann JC. Physical activity and cardiovascular disease risk factors in children and adolescents: an overview. Can J Cardiol. 2004;20(3):295–301.PubMed

	48.
Raitakari OT, Taimela S, Porkka K, Telama R, Välimäki I, Akerblom H, Viikari J. Associations between physical activity and risk factors for coronary heart disease: the Cardiovascular Risk in Young Finns Study. Med Sci Sports Exerc. 1997;29(8):1055–61.PubMed

	49.
Komatsu WR, Gabbay MAL, Castro ML, Saraiva GL, Chacra AR, De Barros Neto TL, Dib SA. Aerobic exercise capacity in normal adolescents and those with type 1 diabetes mellitus. Pediatr Diabetes. 2005;6(3):145–9.PubMed

	50.
Williams B, Guelfi K, Jones T, Davis E. Lower cardiorespiratory fitness in children with type 1 diabetes. Diabet Med. 2011;28(8):1005–7.PubMed

	51.
Laaksonen DE, Atalay M, Niskanen LK, Mustonen J, Sen CK, Lakka TA, Uusitupa M. Aerobic exercise and the lipid profile in type 1 diabetic men: a randomized controlled trial. Med Sci Sports Exerc. 2000;32(9):1541–8.PubMed

	52.
Gusso S, Pinto T, Baldi JC, Derraik JG, Cutfield WS, Hornung T, Hofman PL. Exercise training improves but does not normalize left ventricular systolic and diastolic function in adolescents with type 1 diabetes. Diabetes Care. 2017;40(9):1264–72.PubMed

	53.
Fuchsjäger-Mayrl G, Pleiner J, Wiesinger GF, Sieder AE, Quittan M, Nuhr MJ, Francesconi C, Seit H-P, Francesconi M, Schmetterer L. Exercise training improves vascular endothelial function in patients with type 1 diabetes. Diabetes Care. 2002;25(10):1795–801.PubMed

	54.
Huttunen N-P, Lankela S-L, Knip M, Lautala P, Kaar M-L, Laasonen K, Puukka R. Effect of once-a-week training program on physical fitness and metabolic control in children with IDDM. Diabetes Care. 1989;12(10):737–40.PubMed

	55.
Michaliszyn SF, Faulkner MS. Physical activity and sedentary behavior in adolescents with type 1 diabetes. Res Nurs Health. 2010;33(5):441–9.PubMedPubMedCentral

	56.
Martin B-J, Arena R, Haykowsky M, Hauer T, Austford LD, Knudtson M, Aggarwal S, Stone JA, Investigators A. Cardiovascular fitness and mortality after contemporary cardiac rehabilitation. In: Mayo clinic proceedings, vol. 88. Elsevier; 2013. pp 455–463.

	57.
Wahid A, Manek N, Nichols M, Kelly P, Foster C, Webster P, Kaur A, Friedemann Smith C, Wilkins E, Rayner M. Quantifying the association between physical activity and cardiovascular disease and diabetes: a systematic review and meta-analysis. J Am Heart Assoc. 2016;5(9):e002495.PubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Association between physical activity level and cardiovascular risk factors in adolescents living with type 1 diabetes mellitus: a cross-sectional study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





