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Abstract

Children with congenital heart disease are at risk for developing increased arterial stiffness and this

may be modulated by physical activity.

Objective: To compare arterial stiffness in high- and low-physically active children with congenital

heart disease and healthy age- and sex-matched controls.

Patients: Seventeen children with congenital heart disease (1262 years; females59), grouped by

low- and high-physical activity levels from accelerometry step count values, and 20 matched con-

trols (1163 years; females59) were studied.

Outcome Measures: Carotid-radial pulse wave velocity was assessed with applanation tonometry

to determine arterial stiffness. Body composition and 6-min walk test measures were performed.

Data were analyzed using analysis of variance and multiple regression. Significance was P< .05.

Results: Arterial stiffness was increased in low-physically active children with congenital heart dis-

ease (9.7960.97 m/s) compared to high-physically active children with congenital heart disease

(7.8860.71 m/s; P5 .002) and healthy-matched controls (8.6761.28 m/s; P5 .015). There were

no differences in body composition measures between groups (all P> .05), but 6-min walk test dis-

tance was less in both congenital heart disease groups (high-physically active: 514640 m; low-

physically active: 539649 m) versus controls (605679 m; all P< .05). Average daily step count

significantly predicted arterial stiffness in children with congenital heart disease (R250.358) with a

negative correlation (R 5 20.599, P 5 .011), while % fat mass (P 5 .519) and % lean mass (P 5

.290) did not predict arterial stiffness.

Conclusions: Low-physically active children with congenital heart disease have increased arterial

stiffness compared to high-physically active children with congenital heart disease and healthy-

matched controls. Regular physical activity in children with congenital heart disease may modulate

arterial stiffness.
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1 | INTRODUCTION

Children with congenital heart disease (CHD) are often less physically

active1–3 and have lower functional capacity than their healthy coun-

terparts,4 which may predispose children with CHD to be more prone

to increased arterial stiffness.5 Arterial stiffness has been found to neg-

atively correlate with fitness and daily physical activity in healthy chil-

dren.6 However, the relationship between fitness and arterial stiffness

in healthy children is diminished when body composition measure-

ments are considered,6 suggesting that anthropometric determinants of

arterial stiffness may play a larger role than physical activity in modulat-

ing arterial stiffness. Conversely, other evidence demonstrates that

overweight and obesity rates are comparable between children with

CHD and healthy children,7 suggesting that the increased arterial stiff-

ness reported in children with CHD5 is less so attributable to body

composition and rather may be modulated by physical activity. Studies

to date have not identified whether arterial stiffness is differentially

affected by physical activity levels in children with CHD. Knowing this

relationship is critical as we investigate clinically important modifiable

risk factors to reduce arterial stiffness and cardiovascular disease risk,

particularly as physical activity is known to influence arterial stiffness in

healthy adults8 and children.9 Therefore, we tested the hypothesis that

low-physically active children with CHD would have increased arterial

stiffness compared to high-physically active children with CHD and

healthy-matched controls. We also quantified the relationship between

arterial stiffness and physical activity in children with CHD and

healthy-matched controls.

2 | METHODS

Twenty-one children with CHD and 23 age- and sex-matched healthy

children were tested. Parental consent and child assent were obtained

prior to all study activities. Pretest instructions included avoiding

testing-day exercise and caffeine consumption, avoiding large meals

within 2 hours of testing, and maintaining normal medication use. Ethi-

cal approval for this study was obtained from the University of Sas-

katchewan Research Ethics Board, Biomedical Panel.

Participants rested supine for 10-min before recording sequential

ECG-gated (Bio Amp, ADInstruments Bella Vista, New South Wales,

Australia) measurements of pulse wave velocity using applanation

tonometry (Mikro-tip Catheter Transducers model SPT-301, Millar

Instruments, Inc, Houston, Texas) at the carotid and radial sites.9,10 Dis-

tance between the sternal notch and the carotid and radial sites were

each measured on the surface of the body.11 Using the foot-to-foot

method,11 pulse wave velocity was calculated as D 3 Dt21 where D

was the distance (m) between carotid and radial sites and Dt was the

time (s) difference between carotid and radial pulse waves.11 Pulse

wave velocity was calculated as the average of 10 consecutive beats to

represent a full respiratory cycle.11 Applanation tonometry and ECG

signals were recorded and integrated through a data acquisition hard-

ware system at 1 kHz/s (Powerlab 16/30, ADInstruments) and ana-

lyzed offline (LabChart 7.0, ADInstruments).

Dual-energy x-ray absorptiometry (DXA) was used to assess body

composition. A total body DXA scan was taken in array mode by a

certified technologist (QDR Discovery Wi; Hologic, Inc, Bedford,

Maryland) and analyzed using QDR software for Windows XP (QDR

Discovery, Hologic, Inc). Areal variables included total lean mass (g) and

total fat mass (g), which were used to calculate total % lean mass and

total % fat mass for statistical analysis.

Participants performed a 6-min walk test (6MWT) to determine

functional capacity using American Thoracic Society guidelines.12

Participants then wore a triaxial accelerometer (GT3XPB, ActiGraph

Corp, Pensacola, Florida) for 7 consecutive days to assess physical

activity levels. Physical activity data were processed offline using

the Freedson 2005 cut points for children13 to yield average daily

step count values.

By employing a median split score approach using daily step count

values comparable to prior work,14 children with CHD were catego-

rized as high-physically active (! 8987 steps/day5 high-physically

active) or low-physically active (< 8987 steps/day5 low-physically

active). The median split yielded a cut off (" 9000 steps/day) compara-

ble to previously documented averages in children aged 11–13 years15

and adolescents.16 Further, the average step count in our high-

physically active group was comparable to the control group. Group

differences in outcome variables were determined using analysis of var-

iance with Student-Newman-Keuls post hoc when F-values were sig-

nificant. A chi-square analysis assessed the difference in sex

distribution between groups. Stepwise multiple regression was used to

assess the relationships of physical activity (step count) and body com-

position (% fat and lean mass) with pulse wave velocity in children with

CHD and in controls. Significance was accepted at P< .05 (IBM SPSS

version 24.0, Chicago, Illinois).

3 | RESULTS

Data from two children with CHD were excluded from analysis due

to one child having paced cardiac cycles during assessment and the

other having low-quality pulse wave velocity data. Five additional

participants (two CHD, three controls) did not have complete accel-

erometry data (devices were lost or not returned). Therefore, 17

children with CHD and 20 healthy controls were included in the

final analysis. Table 1 provides diagnostic information for individual

children with CHD.

Table 2 shows descriptive and outcome data for the high-

physically active CHD group, the low-physically active CHD group, and

controls. There were no differences in body composition measure-

ments between groups. High-physically active CHD and low-physically

active CHD had lower functional capacity than controls, as assessed

via 6MWT (both P< .05). By design, average daily step count was sig-

nificantly lower in low-physically active CHD compared to high-

physically active CHD and controls (both P< .05). Notably, there was

no difference in average daily step count between high-physically

active CHD and controls indicating similar physical activity levels

between these two groups (P5 .261).
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Low-physically active CHD had greater arterial stiffness compared

to high-physically active CHD and controls (P5 .005; Figure 1). There

was no difference in arterial stiffness between high-physically active

CHD and controls (P5 .112). Average daily step count significantly pre-

dicted arterial stiffness in children with CHD (R250.358) with a nega-

tive correlation (R 5 20.599, P 5 .011; Figure 2), while % fat mass

(P 5 .519) and % lean mass (P 5 .290) did not predict arterial stiffness

in children with CHD. In contrast, average daily step count did not

significantly predict arterial stiffness in controls (P5 .339; Figure 2).

4 | DISCUSSION

The major novel finding of this study was that low-physically active

children with CHD had increased arterial stiffness compared with high-

physically active children with CHD and healthy-matched controls.

Arterial stiffness was negatively related to physical activity but not

body composition measures in children with CHD. Lastly, functional

capacity was significantly lower in both low- and high-physically active

children with CHD compared to healthy-matched controls and there

were no differences in body composition measures between groups.

Together, our findings suggest that physical activity may be key in

modulating the vascular health of children with CHD, without a differ-

ential benefit to functional capacity in either high- or low-physically

active children with CHD and with similar body composition measures

between CHD groups and controls.

Prior work has shown that physical activity levels may be funda-

mental in the progression of arterial stiffness, as even in the absence of

CHD, both children9 and adults17 have increased arterial stiffness

when more sedentary. Consistent with our findings of a negative rela-

tionship between physical activity and arterial stiffness in children with

CHD, others have reported in healthy prepubescent children that arte-

rial stiffness was negatively correlated with cardiorespiratory fitness

and step count.6 This observation has also been replicated in adults

without chronic disease.8 One prior study in preschool-aged children

with CHD revealed no indication of increased arterial stiffness,18

whereas similarly aged school-age children with CHD as in our study

have been shown to have increased arterial stiffness compared to

healthy controls.5 Therefore, children with CHD are more prone to

increased arterial stiffness, but the role of physical activity on arterial

stiffness has not been previously investigated. We extend prior reports

by demonstrating that physical activity volume may help modulate

TABLE 1 Diagnostic features of children with CHD

CHD patient # Diagnosis Surgical procedure Medications

1 Transposition of great arteries Arterial switch procedure, branch
pulmonary artery stenosis repair

–

2 Hypoplastic left heart syndrome Fontan procedure Aspirin, enalapril

3 Ebstein’s anomaly Tricuspid valve repair, bidirectional
cavopulmonary shunt

–

4 Tetralogy of Fallot Full repair –

5 Double inlet left ventricle Fontan procedure Aspirin

6 Hypoplastic left heart syndrome Fontan procedure –

7 Tricuspid atresia Fontan procedure Aspirin

8 Coarctation of the aorta Full repair, balloon angioplasty
recurrent coarctation

–

9 Pulmonary stenosis, tricuspid
regurgitation, atrial septal defect

Balloon pulmonary valvuloplasty,
tricuspid valve repair and atrial
septal defect closure

–

10 Congenital corrected transposition
of great arteries

Unrepaired –

11 Ventricular septal defect Full repair –

12 Tetralogy of Fallot Full repair –

13 Tetralogy of Fallot Full repair Thyroxine

14 Coarctation of aorta, ventricular septal defect Full repair –

15 Tetralogy of Fallot Full repair –

16 Tetralogy of Fallot Full repair –

17 Left atrial isomerism, double outlet right
ventricle, pulmonary stenosis

Full repair –

CHD patient diagnosis, surgical procedure details (if performed), and medications.
Abbreviation: CHD, congenital heart disease.
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arterial stiffness in children with CHD, as our low-physically active

CHD group had significantly greater arterial stiffness compared to our

high-physically active CHD group and healthy-matched controls. More-

over, there was no significant difference in arterial stiffness between

high-physically active CHD and healthy-matched controls, further sug-

gesting that regular physical activity may mitigate increased arterial

stiffness in children with CHD.

Low physical activity increases overweight and obesity risk,19 and

these factors adversely contribute to arterial stiffness in children.20

Sakuragi et al6 found that BMI, waist circumference, and % body fat

were all independently and positively associated with arterial stiffness

in healthy children, and more so than exercise capacity. Similarly, Pandit

et al21 assessed 250 children (71% overweight or obese) and reported

waist circumference, BMI, body fat and physical activity to all be inde-

pendently associated with arterial stiffness. Despite lower levels of

physical activity in children with CHD,1–3 overweight and obesity rates

may often be comparable to the general population.7 In this study, chil-

dren with CHD were not found to be overweight or obese and were

similar across several clinically relevant body composition measure-

ments (eg, BMI, waist circumference) compared to healthy-matched

controls. Moreover, neither % body fat nor % lean mass was correlated

with pulse wave velocity in our children with CHD. Therefore, our find-

ings of greater arterial stiffness in low-physically active children with

CHD may be more causally attributed to physical activity levels, rather

than established anthropometric determinants of arterial stiffness.

Children with CHD typically participate in less regular physical

activity than their healthy counterparts,1–3 and this may contribute to a

reduction in functional capacity.4 In the current investigation, however,

both high-physically active CHD and low-physically active CHD groups

had similar functional capacity measured by 6MWT distance, and both

CHD groups had lower functional capacity than healthy-matched

control participants. Our novel finding of similarly lower functional

capacity despite differences in daily physical activity suggests that fac-

tors related to CHD22,23 likely contribute to the observed lower func-

tional capacity in our CHD study groups.

5 | LIMITATIONS

Our study has a few important considerations. First, it is possible that

the low-physically active CHD group is limited by their congenital heart

condition; that is, the more serious nature of the CHD in these children

may have an independent effect on arterial stiffness. In defense, the

distribution of simple and complex lesion types between groups was

nearly identical, with the majority of participants in both groups having

FIGURE 1 Arterial stiffness (measured by carotid-radial pulse
wave velocity) in high- and low-physically active (measured by
average daily step count) children with congenital heart disease
(CHD) and healthy age- and sex-matched children. *Significantly
different between groups (P< .05)

TABLE 2 Participant demographics, body composition, functional capacity, and physical activity levels

High-physically
active CHD

Low-physically
active CHD Controls

ANOVA
P value

Total n (male:female) 9 (5:4) 8 (3:5) 20 (11:9) .675

Age, yrs 1162 1263 116 3 .640

Height, cm 140611 146615 148618 .471

Weight, kg 37 612 40613 416 15 .819

BMI, kg/m2 18.76 4.0 18.363.6 18.06 2.9 .875

Waist circumference, cm 66611 66610 656 9 .949

Fat mass, % 2468 2365 206 5 .314

Lean mass, % 75611 7365 766 5 .601

6MWT distance, m 514639* 539649* 605679 .003

Step count, steps/day 1167962312 55626 2293*† 1007563780 .001

Values are means6 SD. Participant demographics, body composition, functional capacity, and daily physical activity levels by CHD (high- and low-
physically active groups) and control groups.
Abbreviations: 6MWT, 6-min walk test; BMI, body mass index; CHD, congenital heart disease.
*Significantly different versus controls, P< .05.
†Significantly different versus high-physically active CHD, P< .05.
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complex lesions. Further, the small sample size in this study precluded

the analysis of CHD type on arterial stiffness and physical activity lev-

els. Second, our smaller sample of children with CHD has similar body

composition to our control group, therefore, the variance in body com-

position types is not represented in our study. Thus, we cannot pre-

clude the possibility that body composition does affect arterial

stiffness. However, in our current cohort, both groups were similar in

body composition and body composition did not correlate with arterial

stiffness. This discrepancy with previous literature may be due to vol-

unteer bias, whereby healthier, more active families were more likely to

volunteer for a physical activity related study.

6 | CLINICAL RELEVANCE

Elevated arterial stiffness is associated with increased risk of future car-

diovascular disease24,25 and mortality25 in older adults, even when indi-

viduals are seemingly otherwise healthy.25 Chronic physical inactivity in

youth increases the risk of becoming a sedentary adult and developing

latent chronic disease,1 including stiffer arteries,9 which can be coun-

tered by regular exercise and increasing cardiorespiratory fitness.6,26 It

is reasonable to predict that elevated arterial stiffness in children may

have similar health-related outcomes,20 however, there is no prospec-

tive study that establishes this link. Given this knowledge gap, long-

term prospective data assessing the link between arterial stiffness and

cardiovascular disease outcomes in children with CHD is warranted.

Our findings highlight the importance of physical activity promotion for

children with CHD for mitigating arterial stiffness.

7 | CONCLUSION

Physical activity modulates arterial stiffness, and when children with

CHD and controls of similar physical activity levels are compared, there

is no difference in arterial stiffness. Low-physically active children with

CHD have increased arterial stiffness when compared to high-

physically active CHD and healthy controls, despite having a similar

functional capacity as high-physically active CHD. Therefore, physical

activity may modulate arterial stiffness, but not functional capacity, in

children with CHD. This finding is independent of anthropometric

determinants that are known to adversely increase arterial stiffness in

children with CHD, as there were no differences in body composition

parameters between our study groups and body composition was not

related to pulse wave velocity in our children with CHD.

ACKNOWLEDGMENTS

We gratefully acknowledge the participants and families of CHAMPS

(Children’s Healthy-Heart Activity Monitoring Program in Saskatche-

wan), and CHAMPS collaborators Dr. Lauren Sherar, Lynne Telfer,

RN, Juanita Praksis, RN, Marie Penner, RN, and Angela Wiens, RN.

AUTHOR CONTRIBUTIONS

Study concept and design: Stickland, Haykowsky, Bradley, Kakadekar,

Pharis, Wright, Erlandson, Tomczak

Participant recruitment and data collection: Boyes, Fusnik, Hoge-

weide, Fries, Runalls, Kakadekar, Pharis, Pockett, Bradley, Wright,

Erlandson, Tomczak

Data processing: Boyes, Stickland, Fusnik, Hogeweide, Fries,

Haykowsky, Barill, Bradley, Erlandson, Tomczak

Statistical analyses: Boyes, Stickland, Fusnik, Hogeweide, Fries,

Haykowsky, Barill, Bradley, Erlandson, Tomczak

Data interpretation: Boyes, Stickland, Fusnik, Hogeweide, Fries,

Haykowsky, Barill, Bradley, Erlandson, Tomczak

Manuscript drafting: Boyes, Bradley, Erlandson, Tomczak

Critical review and article approval: Boyes, Stickland, Fusnik,

Hogeweide, Baril, Runalls, Kakadekar, Pharis, Pockett, Bradley,

Wright, Tomczak

CONFLICT OF INTEREST

The authors have no conflicts of interest to disclose.

ORCID

Corey R. Tomczak PhD http://orcid.org/0000-0002-8182-6466

REFERENCES

[1] Lunt D, Briffa T, Briffa NK, Ramsay J. Physical activity levels of ado-
lescents with congenital heart disease. Aust J Physiother. 2003;49(1):
43–50.

[2] Moola F, McCrindle BW, Longmuir PE. Physical activity participation
in youth with surgically corrected congenital heart disease: devising
guidelines so Johnny can participate. Paediatr Child Health (Oxford).
2009;14(3):167–170.

[3] Moola F, Faulkner GEJ, Kirsh JA, Kilburn J. Physical activity and
sport participation in youth with congenital heart disease: percep-
tions of children and parents. Adapt Phys Act Q. 2008;25(1):49–70.

[4] Norozi K, Gravenhorst V, Hobbiebrunken E, Wessel A. Normality of
cardiopulmonary capacity in children operated on to correct con-
genital heart defects. Arch Pediatr Adolesc Med. 2005;159(11):1063–
1068.

FIGURE 2 Relationship between physical activity (measured by
average daily step count) and arterial stiffness (measured by carotid
radial pulse wave velocity) in children with congenital heart disease
(CHD) and healthy age- and sex-matched children

BOYES ET AL.582  |    



[5] Mivelaz Y, Leung MT, Zadorsky MT, et al. Noninvasive assessment
of vascular function in postoperative cardiovascular disease (Coarc-
tation of the Aorta, Tetralogy of Fallot, and Transposition of the
Great Arteries). Am J Cardiol. 2016;118(4):597–602.

[6] Sakuragi S, Abhayaratna K, Gravenmaker KJ, et al. Influence of adi-
posity and physical activity on arterial stiffness in healthy children
the lifestyle of our kids study. Hypertension. 2009;53(4):611–616.

[7] Barbiero SM, D’azevedo Sica C, Schuh DS, Cesa CC, de Oliveira Petko-
wicz R, Pellanda LC. Overweight and obesity in children with congenital
heart disease: combination of risks for the future? BMC Pediatr. 2014;
14(1):271.

[8] Stickland MK, Vogan N, Petersen SR, Wong EYL, Bhutani M. Physi-
cal activity and arterial stiffness in chronic obstructive pulmonary
disease. Respir Physiol Neurobiol. 2013;189(1):188–194.

[9] Schack-Nielsen L, Molgaard C, Larsen D, Martyn C, Michaelsen KF.
Arterial stiffness in 10-year-old children: current and early determi-
nants. Br J Nutr. 2005;94(06):1004–1011.

[10] Savant JD, Furth SL, Meyers KEC. Arterial stiffness in children:
pediatric measurement and considerations. Pulse. 2015;2(1–4):69–
80.

[11] Laurent S, Cockcroft J, Van Bortel L, et al. Expert consensus docu-
ment on arterial stiffness: methodological issues and clinical applica-
tions. Eur Heart J. 2006;27(21):2588–2605.

[12] ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories. ATS statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med. 2002;166(1):111–117.

[13] Freedson P, Pober D, Janz KF. Calibration of accelerometer output
for children. Med Sci Sports Exerc. 2005;37(suppl):S523 -S530.

[14] Tudor-Locke C, Bassett D. How many steps/day are enough? Pre-
liminary pedometer indicies for public health. Sport Med. 2004;34
(1):1–8.

[15] Manley D, Cowan P, Graff C, et al. Self-efficacy, physical activity,
and aerobic fitness in middle school children: examination of a
pedometer intervention program. J Pediatr Nurs. 2014;29(3):228–
237.

[16] Hohepa M, Schofield G, Kolt GS, Scragg R, Garrett N. Pedometer-
determined physical activity levels of adolescents: differences by age,
sex, time of week, and transportation mode to school. J Phys Act
Health. 2008;5(s1):S140–S152.

[17] Pierce GL, Casey DP, Fiedorowicz JG, et al. Aortic pulse wave
velocity and reflecting distance estimation from peripheral

waveforms in humans: detection of age- and exercise training-
related differences. Am J Physiol Heart Circ Physiol. 2013;305(1):
H135–H142.

[18] Currie KD, Martin AA, Millar PJ, et al. Vascular and autonomic func-
tion in preschool-aged children with congenital heart disease. Con-
genit Heart Dis. 2012;7(3):289–297.

[19] Janz KFF, Boros P, Letuchy EMM, Kwon S, Burns TLL, Levy SMM.
Physical activity, not sedentary time, predicts DXA-measured adi-
posity age 5–19 years. Med Sci Sports Exerc. 2017;49(10):2071–
2077.

[20] Armstrong KR, Cote AT, Devlin AM, Harris KC. Childhood obesity,
arterial stiffness, and prevalence and treatment of hypertension.
Curr Treat Options Cardiovasc Med. 2014;16(11):1–14.

[21] Pandit DS, Khadilkar AV, Chiplonkar SA, Khadilkar VV, Kinare AS.
Arterial stiffness in obese children: role of adiposity and physical
activity. Indian J Endocrinol Metab. 2014;18(1):70–76.

[22] Riner WF, Hunt S. Physical activity and exercise in children with
chronic health conditions. J Sport Heal Sci. 2013;2(1):12–20.

[23] Rhodes J, Tikkanen AU, Jenkins KJ. Exercise testing and training in
children with congenital heart disease. Circulation. 2010;122(19):
1957–1967.

[24] Mitchell GF, Hwang S-J, Vasan RS, et al. Arterial stiffness and cardi-
ovascular events: the Framingham Heart Study. Circulation. 2010;
121(4):505–511.

[25] Sutton-Tyrrell K, Najjar SS, Boudreau RM, et al. Elevated aortic
pulse wave velocity, a marker of arterial stiffness, predicts cardio-
vascular events in well-functioning older adults. Circulation. 2005;
111(25):3384–3390.

[26] Duppen N, Takken T, Hopman MTE, et al. Systematic review of the
effects of physical exercise training programmes in children and
young adults with congenital heart disease. Int J Cardiol. 2013;168
(3):1779–1787.

How to cite this article: Boyes NG, Stickland MK, Fusnik S,

et al. Physical activity modulates arterial stiffness in children

with congenital heart disease: A CHAMPS cohort study. Con-

genital Heart Disease. 2018;13:578– https://doi.org/10.1111/

chd.12614

BOYES ET AL.      |  583

583.


