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Abstract

Background: Obesity in adolescents with intellectual and developmental disabilities) occurs at
twice the frequency as their typically developing peers. Typically developing adolescents with
obesity have abnormal cardiac function (as measured by strain echocardiography) and cardiac
mass, but the effects of obesity on cardiac health in adolescents with Down syndrome or autism
spectrum disorder are unknown. The purpose of this study was to evaluate the impact of body
mass index on cardiac function in adolescents with Down syndrome or autism. Methods:
Adolescents (age 12–21 years) with Down syndrome (n= 28), autism (n= 33), and
age-/sex-matched typically developing controls (n= 15) received an echocardiogram optimised
for strain analysis at a single timepoint. Measures of ventricular function, mass, and size were
collected. Regression modelling evaluated the impact of body mass index and intellectual and
developmental disabilities diagnosis on these cardiac measures. Results: In regression model-
ling, an elevated body mass index z-score was associated with diminished systolic biventricular
function by global strain (left ventricular longitudinal strain β 0.87, P< 0.001; left ventricular
circumferential strain β 0.57, p 0.003; right ventricular longitudinal strain β 0.63, P< 0.001).
Diminished left ventricular diastolic function by early diastolic strain rate was also associated
with elevated body mass index (global longitudinal end-diastolic strain rate β −0.7, P< 0.001).
No association was found between traditional (non-strain) measures of systolic and diastolic
ventricular function and body mass index z-score. Conclusions: Obesity in adolescents with
Down syndrome or autism negatively impacts cardiac function as measured by echocardio-
graphic strain analysis that was not detected by traditional parameters.

Paediatric obesity is a major health concern associated with increased cardiovascular disease
risk1 and is present in 17% of all U.S. children and adolescents.2 Cardiovascular sequelae of
paediatric obesity include hypertension and changes to the cardiac structure and function.3–5

Adolescents with intellectual and developmental disabilities represent an understudied popu-
lation with twice the risk for obesity as their typically developed peers6 that contributes to multi-
ple other medical conditions, ultimately leads to a shorter life span and diminished quality of
life.4 The prevalence of overweight and obesity is especially high in the intellectual and devel-
opmental disabilities adolescent population with Down syndrome or autism spectrum disor-
der.7 The reported prevalence of obesity in adolescents with autism(24.6%) and Down
syndrome(31.2%) was substantially higher compared to their typically developing peers(13%).8

Obesity in adolescence increases the probability of becoming an obese adult and for developing
chronic conditions including hypertension, type 2 diabetes, gallbladder disease, cardiovascular
disease, and early mortality in adulthood.9–13 While the cardiovascular changes associated with
obesity in adolescence have been described in the typically developing population,4,5,14–18 a
knowledge gap remains in this area for adolescents with Down syndrome or autism.

Traditionally monitored echocardiographic indices for paediatric obesity include ventricular
function by ejection fraction, left ventricular mass, and left ventricular volume. There is increas-
ing evidence in typically developing adolescents that more sensitive echocardiographic modal-
ities, such as strain analysis, are necessary for detecting obesity-related changes in ventricular
function early in life.19–22 Impairment of cardiac function in typically developing adolescents has
been reported to correlate with body mass index and duration of obesity.8,23,24 Early detection of
cardiovascular abnormalities is important because lifestyle interventions to treat obesity are
most effective when implemented early in life.9 The primary aim of this study was to investigate
the effect of obesity on both traditional and novel cardiac measures in adolescents with Down
syndrome or autism. The secondary aim was to assess the effect of having a Down syndrome or
autism diagnosis on these measures.
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Methods

Study design

Adolescents (ages 13–21 years) with intellectual and develop-
mental disabilities and mild to moderate intellectual and devel-
opmental disabilities (IQ 35-75) enrolled in a randomised
weight loss trial10 (R01HD079642; NCT0256175) were consented
for co-enrolment into this ancillary study. Participants in the
parent trial who co-enrolled in this ancillary cardiac testing study
(64 co-enrolled/110 parent trial) were excluded if they had under-
lying CHD (n = 0) or an intellectual and developmental disabil-
ities diagnosis other than Down syndrome or autism (n = 3)
leaving 28 included participants with Down syndrome and 33
with autism. Cardiac size and function of ancillary study partic-
ipants were evaluated using echocardiography at a single time-
point prior to beginning the weight loss parent trial
intervention. Data collected outside of the echocardiogram
included age, sex, intellectual and developmental disabilities
diagnosis, blood pressure, and anthropometrics (body mass
index). The data from a separate group of 15 age- and sex-
matched, typically developing, non-obese adolescents with no
cardiac history who were part of previously published strain
echocardiography studies were included to provide a non-intel-
lectual and developmental disabilities control group.11,12

Ancillary study inclusion criteria and study protocol were the
same for the control and intellectual and developmental disabil-
ities groups. The study was approved by the Institutional Review
Board of Children’s Mercy Kansas City and University of Kansas
Medical Center.

Anthropomorphic parameters

Weight was averaged over two measurements to the nearest 0.1 kg
using a calibrated digital scale (Model #PS6600, Belfour, Saukville,
WI) with participants wearing shorts and a t-shirt. Standing height
was also averaged over twomeasurements with a portable stadiom-
eter (Model #IP0955, Invicta Plastics Limited, Leicester, UK). Age-
and sex-specific body mass index z-scores were calculated using
the SAS program provided by the CDC based on its 2000 growth
charts for ages 0 to< 20 years.25 To use a consistent body mass
index z-score process for the whole cohort, the nine patients with
ages ranging from 20 to 21 years were temporarily assigned age
19.99 for the purpose of computing their body mass index z-score
with the CDC SAS program. Body mass index was categorised as
normal (body mass index 5th–85th percentile), overweight (body
mass index 85th–95th), or obese (body mass index > 95th percen-
tile).26 Specialty Down syndrome growth charts were not utilised
in this study as their use remains controversial and the American
Academy of Pediatrics recommends the use of standard growth
charts from the CDC for all youth older than 9 years with or with-
out Down syndrome.27

Blood pressure measurement

A systolic and diastolic blood pressure was obtained by trained
medical care assistants on all patients prior to the echocardiogram
using the oscillometric method on a calibrated machine with stan-
dard measurement practices and use of an appropriately sized cuff.
Age- and sex-specific systolic and diastolic blood pressure percen-
tiles were calculated based on the 2017 American Academy of
Pediatrics guidelines.28

Conventional echocardiographic parameters

Transthoracic echocardiograms were obtained with grey scale
images optimised for speckle-tracking analysis. All participants
were scanned using Vivid E9 Ultrasound machine (GE
Healthcare, Milwaukee, WI) with age- and size-appropriate trans-
ducers. Left ventricular dimensions, mass, fractional shortening,
ejection fraction, right ventricular tricuspid annular plane systolic
excursion and atrioventricular valve inflow velocities were evalu-
ated based on standard paediatric echocardiographic guidelines.29

Left ventricular mass was indexed to body surface area (left ven-
tricular mass index; Left ventricular mass/ht2.7) to provide the opti-
mal assessment of left ventricular mass in obesity.30–32 The left
ventricular mass was obtained from the m-mode measurements.

Tissue Doppler imaging

Tissue Doppler imaging was obtained from an apical 4-chamber
view to obtain longitudinal annular velocities at the lateral mitral
wall, septum, and lateral tricuspid wall adjacent to the atrio-
ventricular valve hinge points. Systolic, early diastolic, and late dia-
stolic tissue Doppler velocities were measured at the lateral mitral,
septal, and lateral tricuspid walls. The components of myocardial
performance index, a marker of global ventricular performance,
were measured and myocardial performance index was calculated
([isovolumetric contraction period þ isovolumetric relaxation
time]/ejection time) as previously reported.32,33

Myocardial strain analysis

Echocardiographic strain analyses were performed using commer-
cially available EchoPAC software (GE Healthcare, Milwaukee,
WI). Multiplanar left ventricular apical images (4, 2, 3 chamber
view; left ventricular global longitudinal strain), an left ventricular
parasternal short-axis image (at the level of the papillary muscle;
global circumferential strain) and a 4-chamber right ventricular-
focused apical image (right ventricular global longitudinal strain)
were optimised for strain analysis using gain, compression, sector
width, and depth to maximise frame rate (>60 frames per second)
and capture optimal myocardial tissue definition. After manual
tracing the endocardial border in the end-systolic frame of a 2D
image, the software automatically tracks the motion/deformation
of the myocardium through a single cardiac cycle with manual
confirmation of tracking accuracy. Global peak strain and strain
rate measures were made per standard guidelines.34 The end-
diastole reference point was placed at the onset of the QRS.

Statistical analysis

Non-parametric methods were used due to skewness/non-normal-
ity in variable distributions. Linear regression models were fit to
estimate effects of intellectual and developmental disabilities diag-
nosis and bodymass index. Each outcome variable wasmodelled as
a function of diagnosis group (Down syndrome or autism) and
body mass index z-score. Two variables (myocardial performance
index and left ventricular mass index) were log-transformed before
modelling to reduce skewness. All outcome variables were scaled to
have standard deviation of 1. This provides an effect size (β) for
each regression coefficient, allowing it to be interpreted as the esti-
mated, average standard deviation change in outcome associated
with a 1-unit increase in the explanatory variable, holding other
explanatory variables constant. To avoid loss of information and
potential bias from case-wise deletion of missing values for regres-
sion modelling, multiple imputation by chained equations was
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used to create 25 complete data sets with non-parametric boot-
strapping to compute confidence intervals and p-values for regres-
sion coefficients. We compared groups using the non-parametric
Brunner-Munzel test, a generalised version of the two-sample
Wilcoxon test that does not assume equal variances for the two
distributions being compared. To obtain regression estimates
informed both by sampling variability, (reflected in bootstrap-
ping), and by the uncertainty in imputation of missing values,
(reflected in variability in imputed values across the imputed data
sets), bootstrapping was carried out by drawing 1000 bootstrap
data samples from each of the 25 imputed data sets. The regression
model for each outcome variable was fit to each of these 25,000
data sets to obtain bootstrap distributions for the regression coef-
ficients in each model, from which 95% confidence interval and p-
value estimates were computed. Statistical analyses were carried
out in R 4.0.3.

Results

The total cohort of 76 adolescents included 28 with Down syn-
drome (16 female), 33 with autism (11 female), and 15 (6 female)
age- and sex-matched typically developed controls with ages rang-
ing from 12 to 21 years. Patient characteristic and echocardio-
graphic data are reported by group and obesity status in
Tables 1 and 2, respectively. Results of multivariate linear regres-
sion models fit to evaluate the effects of body mass index, Down
syndrome, and autism diagnoses on outcome variables are
reported for the entire study population in Table 3. Many of the
associations seen in Table 2 between echo measures in the
Down syndrome or autism groups and non-intellectual and devel-
opmental disabilities group lose their significance when control-
ling for body mass index in Table 3. An elevated body mass
index z-score was associated with diminished systolic biventricular
function by strain values (LV GLS β 0.87, P< 0.001; LV GCS β
0.57, p 0.003; LV GLSr β 0.59, P< 0.001; RV GRLS β 0.63,
P< 0.001). There was no association found between traditional
measures of systolic ventricular function (LV FS, LV EF, RV
TAPSE) and body mass index z-score in these adolescents.
Diminished left ventricular diastolic function by global longi-
tudinal end-diastolic strain rate was associated with elevated body
mass index (global longitudinal end-diastolic strain rate β −0.7,
P< 0.001) while Doppler assessment of diastolic function was
not associated. Other measures associated with elevated bodymass
index were left ventricular mass (left ventricular mass index β 0.52,
p 0.001) and systolic blood pressure (SysPct β 0.63, P< 0.001). A
diagnosis of Down syndrome was associated with a lower global
ventricular performance (myocardial performance index) and
lower systolic blood pressure while controlling for any body index
and autism effects. Similarly, a diagnosis of autism was associated
with a lower global ventricular performance (myocardial perfor-
mance index) and lower systolic blood pressure while controlling
for any body mass index and Down syndrome effects. For both the
Down syndrome and autismmodelling, the lower myocardial per-
formance index and blood pressure remained within the normal
range. Effects of having a Down syndrome or autism diagnosis
on other measures of ventricular function, size, or mass had
p-values.

Discussion

The primary aim of this study was to evaluate the impact of
elevated body mass index on cardiovascular measures in an Ta
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Table 2. Echocardiographic data by intellectual and developmental disabilities diagnosis and obesity status reporting on median average and interquartile range

Down syndrome Autism

Non-intellec-
tual and

developmental
disabilities

Down syn-
drome vs.
autism

spectrum
disorder

Down syndrome
vs. non-intellectual
and developmental

disabilities

Autism vs. non-
intellectual and
developmental
disabilities

Missing
n (%)

Total
(28)

Non-obese
(12)

Obese
(16)

Total
(33)

Non-obese
(10)

Obese
(23)

Non-obese
(15)

pa pa pa

LV
function

GLS 0 (0%) − 17.4
( − 18.4, −15.9)

− 18.6
(− 19.8, −18.0)

− 15.9
(− 17.0, −15.5)

− 17.0
( − 19.4, −16.0)

− 20.4
(− 21.9, −17.9)

− 16.4
(− 18.0, −15.6)

− 19.6
( − 21.0, −18.4)

0.802 < 0.001 0.002

GCS 5 (7%) −20.1
( − 21.2, −19.1)

−20.8
(− 22.0, −20.3)

−19.8
(− 20.2, −16.7)

−20.0
( − 22.0, −17.4)

−22.0
(− 24.0, −20.4)

−19.2
(− 20.6, −17.2)

−19.1
( − 21.0, −17.1)

0.969 0.716 0.835

GLSr 0 (0%) − 1.1
(− 1.3, −1.0)

− 1.2
( − 1.3, −1.1)

− 1.1
(− 1.2, −1.0)

− 1.2
(− 1.3, −1.0)

− 1.2
( − 1.4, −1.1)

− 1.2
(− 1.2, −1.0)

− 1.4
(− 1.6, −1.2)

0.629 < 0.001 < 0.001

LVEF 1 (1%) 61.9
(60.7, 63.7)

62.0
(61.2, 63.7)

61.5
(59.7, 64.4)

64.0
(59.5, 65.9)

63.8
(60.4, 67.2)

64.0
(59.2, 65.7)

67.0
(65.9, 69.3)

0.370 0.018 0.031

FS 0 (0%) 35.4
(33.4, 38.7)

35.0
(32.3, 39.3)

35.8
(33.9, 38.2)

36.3
(32.6, 38.2)

35.0
(32.2, 37.1)

36.3
(33.2, 38.4)

37.9
(36.4, 39.1)

0.738 0.133 0.045

MPI 5 (7%) 0.4
(0.3, 0.4)

0.4
(0.3, 0.4)

0.4
(0.3, 0.4)

0.3
(0.3, 0.4)

0.3
(0.3, 0.4)

0.4
(0.3, 0.4)

0.5
(0.4, 0.5)

0.012 <0.001 0.091

GLEDSr 0 (0%) 1.9
(1.6, 2.2)

2.2
(1.9, 2.4)

1.7
(1.5, 2.0)

1.9
(1.6, 2.2)

2.1
(1.9, 2.6)

1.7
(1.6, 2.0)

2.4
(2.1, 2.5)

0.883 0.002 < 0.001

Lat E/e’ 5 (7%) 7.8
(6.7, 9.0)

8.1
(7.2, 9.1)

7.8
(6.2, 8.4)

5.9
(4.8, 7.6)

4.8
(4.3, 5.8)

7.0
(5.7, 8.1)

6.0
(5.2, 6.2)

0.001 0.001 0.685

Sep E/e’ 5 (7%) 9.1
(8.3, 9.7)

9.6
(8.7, 9.9)

9.0
(8.2, 9.5)

8.1
(6.3, 9.1)

6.2
(5.8, 7.4)

8.7
(7.1, 9.6)

7.2
(5.9, 7.9)

0.007 < 0.001 0.122

LV size

EDVi 0 (0%) 64.5
(56.7, 75.0)

63.2
(57.7, 73.6)

65.1
(56.7, 75.0)

76.9
(68.8, 84.5)

86.8
(80.1, 96.7)

73.7
(66.8, 80.6)

82.2
(69.9, 90.2)

0.001 0.003 0.505

ESVi 0 (0%) 24.4
(20.7, 30.1)

24.8
(19.2, 29.1)

24.4
(21.4, 31.0)

27.7
(25.7, 30.9)

29.6
(27.6, 35.0)

27.0
(25.0, 30.2)

28.2
(22.6, 33.3)

0.058 0.287 0.718

LVMI 0 (0%) 33.8
(27.3, 41.5)

29.9
(24.6, 34.4)

37.3
(27.8, 44.9)

34.6
(30.6, 43.7)

31.2
(28.6, 43.0)

35.8
(31.4, 41.8)

32.8
(30.1, 36.4)

0.342 0.900 0.606

RV
function

GRLS 9 (12%) − 19.6
( − 22.9, −17.6)

− 19.8
(− 23.4, −19.0)

− 18.5
(− 21.1, −17.0)

− 19.9
( − 22.4, −18.0)

− 22.2
(− 24.6, −21.7)

− 18.4
(− 20.4, −17.9)

− 23.4
( − 26.9, −22.3)

0.790 0.001 0.002

TAPSE 1 (1%) 23.5
(21.0, 27.0)

22.5
(20.5, 25.2)

24.5
(21.0, 27.0)

22.0
(19.0, 25.0)

23.5
(20.2, 25.8)

21.0
(18.5, 23.0)

22.0
(19.2, 24.0)

0.054 0.107 0.945

GLS= global longitudinal strain; GCS= global circumferential strain; GLSr=global longitudinal strain rate; LV EF= left ventricular ejection fraction; FS= fractional shortening; MPI=myocardial performance index; GLEDSr=global longitudinal end-diastolic
strain rate; Lat E/e’ and Sep E/e’=ratio of mitral inflow E wave to the tissue Doppler e’ wave; EDVi=end-diastolic volume indexed to BSA; ESVi=end-systolic volume indexed to BSA; LVMI= left ventricular mass index, GRLS= global right ventricular
longitudinal strain; TAPSE= tricuspid annular plane systolic excursion.
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Table 3. Multivariate linear regression modelling reported using β (scaled to a standard deviation of 1 for dependent variables), confidence interval, and p-value

BMI z-score Down syndrome Autism

β (95% confidence interval) p β (95% confidence interval) p β (95% confidence interval) p

LV Function

GLS 0.87 (0.58, 1.14) < 0.001* − 0.32 (1.05, 0.55) 0.38 − 0.71 (−1.53, 0.22) 0.086

GCS 0.57 (0.21, 0.93) 0.003* −0.40 (−1.87, 1.00) 0.53 −0.63 (−2.11, 0.77) 0.36

GLSr 0.59 (0.33, 0.84) < 0.001* 0.02 (−0.67, 0.80) 0.95 − 0.25 (−1.0, 0.59) 0.51

LVEF −0.22 (−0.52, 0.10) 0.17 −0.38 (−1.45, 0.58) 0.46 −0.13 (−1.22, 0.86) 0.81

FS 0.04 (−0.31, 0.39) 0.83 − 0.40 (−1.31, 0.42) 0.37 − 0.49 (−1.44, 0.35) 0.29

MPI 0.22 (−0.07, 0.55) 0.16 −1.66 (−2.78, −0.37) 0.006* −1.65 (−2.87, −0.33) 0.011*

EDSr − 0.70 (−0.92, −0.48) < 0.001* 0.05 (−0.54, 0.74) 0.85 0.22 (−0.41, 0.95) 0.48

Lat E/e’ 0.24 (−0.04, 0.53) 0.11 0.77 (−0.08, 1.90) 0.14 −0.06 (−0.92, 1.05) 0.90

Sep E/e’ 0.30 (0.00, 0.59) 0.049 0.85 (−0.04, 2.07) 0.13 0.15 (−0.75, 1.34) 0.72

LV Size

EDVi − 0.24 (−0.53, 0.07) 0.10 − 0.51 (−1.41, 0.37) 0.27 0.30 (−0.57, 1.17) 0.44

ESVi −0.07 (−0.38, 0.25) 0.63 −0.26 (−1.31, 0.87) 0.67 0.27 (−0.74, 1.37) 0.57

LVMI 0.52 (0.23, 0.84) 0.001* − 0.13 (−0.98, 0.57) 0.72 − 0.11 (−0.99, 0.66) 0.81

RV Function

GRLS 0.63 (0.36, 0.92) < 0.001* 0.00 (−0.95, 0.90) 0.99 − 0.26 (−1.18, 0.64) 0.58

TAPSE 0.08 (−0.30, 0.46) 0.67 0.48 (−0.65, 1.42) 0.34 −0.06 (−1.18, 0.95) 0.86

Blood Pressure

SysPct 0.63 (0.34, 0.92) < 0.001* − 1.56 (−2.32, −0.57) < 0.001* − 1.62 (−2.38, −0.64) < 0.001*

DiaPct 0.39 (0.03, 0.72) 0.024 −0.78 (−1.78, 0.11) 0.11 −0.99 (−2.00, −0.11) 0.052

*Results represent those with a larger effect size (β> 0.5 standard deviations) and a p-value< 0.05. Each row represents an echocardiographic or blood pressure measure modelled for BMI Z-score or intellectual and developmental disabilities diagnosis (by
column) while controlling for the other two (i.e., modelling GLS as the dependent variable for BMI Z-score while controlling for Down syndrome and autism diagnoses results in a β 0.87, confidence interval from0.58 to 1.14 and a p-value< 0.001). LVMI, MPI are
logarithmically transformed variables.
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adolescent population with Down syndrome or autism. This study
highlights the early cardiac changes associated with obesity in ado-
lescents with Down syndrome or autism spectrum, themost preva-
lent diagnoses associated with an intellectual and developmental
disabilities. Strain measures detected these early abnormalities
while the traditional echocardiographic measures of function
including LVEF did not have the requisite sensitivity to detect
them. When controlling for an elevated body mass index
(Table 3), having a diagnosis of Down syndrome or autism spec-
trum was not associated with clinically meaningful cardiovascular
effects except for adolescents with Down syndrome demonstrating
a slightly lower myocardial performance index and borderline dif-
ference in diastolic measures, as well as slightly lower systolic blood
pressure that remained in the normal range.

Impact of obesity on ventricular function

In this study, bodymass index z-score was associated with both left
ventricular and right ventricular function as seen in multiple strain
measures. These findings mirror those found in typically develop-
ing adolescents concerning the early impact of obesity on ventricu-
lar function.14,15,35 This is the first study to demonstrate that
obesity has an early impact on cardiac function in adolescents with
intellectual and developmental disabilities. An association was seen
between elevated bodymass index z-score andmultiple types of left
ventricular strain measures including longitudinal and circumfer-
ential strain planes, strain and strain rate, and systolic and diastolic
phase measures suggesting that obesity has a comprehensive effect
overall on many aspects of left ventricular deformation.

This obesity-related impact on cardiac function was not
detected using traditional echocardiographic measures of cardiac
function. Although left ventricular ejection fraction is a standard
measure of left ventricular systolic function, this measure appears
insensitive to these early obesity-related changes based on this data
and prior studies.15 Obesity has been shown to effect Doppler mea-
sures of diastolic function in other populations.36 In the current
study, the Doppler indices of diastolic dysfunction demonstrated
borderline p-values when modelled as functions of body mass
index z-score models and smaller effect sizes than early diastolic
strain rate suggesting this diastolic strainmeasure is also better able
to detect early diastole-related changes. Overall, this adds evidence
for the utility of strain echocardiography to detect early obesity-
related cardiac dysfunction in adolescent with intellectual and
developmental disabilities. The lifetime effects of obesity on
cardiovascular function and impact of weight loss on reversal of
these early cardiac abnormalities warrant further investigation.

Impact of obesity on ventricular size and mass

The impact of adiposity and obesity on left ventricular mass index
has been well reported in children and adolescents37–40 with an
association persisting even after adjusting for age and blood pres-
sure and persisting into adulthood in the typically developing pop-
ulation. In the current study, the body mass index z-score had an
association with left ventricular mass index in this intellectual and
developmental disabilities population that was independent of
their Down syndrome or autism diagnosis. The elevated systolic
blood pressure (afterload) and inflammatory state of obesity con-
tributes to increased left ventricular mass. However, no associa-
tions were found between left ventricular volumes and body
mass index z-score in this study. A literature review on this topic
in typically developing children and adolescents15 demonstrated
differing results on whether there was an effect of obesity on left

ventricular size/volume. Increased adiposity increases circulating
blood volume and therefore cardiac output that can increase left
ventricular volumes over time, but this progressive change may
occur at different timepoints in adolescence or adulthood leading
to disagreement in the adolescent studies.

Impact of Down syndrome on ventricular function, size, and
mass

The non-intellectual and developmental disabilities control popu-
lation was included to model the effect of having either a Down
syndrome or autism spectrum diagnosis on cardiac size and
function while controlling for the body mass index effect. When
controlling for body mass index effects (Table 3), the only cardio-
vascular measures that demonstrated a significant association with
a diagnosis of Down syndrome were lower myocardial perfor-
mance index (global ventricular performance) and lower systolic
blood pressure. None of the measures of ventricular function, size,
or mass met the p< 0.05 cut-off, although the models involving
Doppler measures of diastolic function had moderate effect size
with a p-value range of 0.10 to 0.15. There was no association
found between the strain measure of diastolic function (left ven-
tricular end-diastolic strain rate) and Down syndrome. A previous
study demonstrated diastolic dysfunction with these Doppler dia-
stolic measures in Down syndrome with normal cardiac
anatomy.41 Taken together, these findings would suggest that there
is likely diastolic dysfunction inherent to Down syndrome present
despite lower blood pressures (afterload) that is better assessed
using the Doppler measures than end-diastolic strain rate.
However, this result may conflict with the finding of lower
(improved) myocardial performance index in those with Down
syndrome as impaired ventricular relaxation would be expected
in diastolic dysfunction (Doppler indices) but not in those with
improved myocardial performance index. Or it is possible that
the lower myocardial performance index relates to shorter isovo-
lumetric contraction times due to lower systolic blood pressure
(afterload). While most of the evidence points towards some
degree of diastolic dysfunction in the Down syndrome population,
this study has a moderate sample size with relatively small sub-
groups and this analysis was not the primary aim of the study,
so further research is necessary to confirm these findings.

Impact of autism on ventricular function, size, and mass

There is some overlap in the findings in those with an autism diag-
nosis as this group also had lower myocardial performance index
(global ventricular performance) and lower systolic blood pressure.
However, there was no association found between the autism spec-
trum diagnosis and any measure of ventricular function, size, or
wall thickness. The myocardial performance index may also be
explained in the autism group by a shorter isovolumetric contrac-
tion time secondary to lower systolic blood pressure. No other
studies assessing cardiovascular measures in adolescents with
autism were found. This study would suggest that there are few/
minor differences compared to the typically developing population
for these measures.

Limitations

This study has the following limitations: 1) This is a moderate-
sized study with relatively smaller subgroups. Enrolment of the
adolescents with intellectual and developmental disabilities was
reliant on enrolment in the parent trial as well as the participant’s
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willingness to co-enrol in this ancillary study. 2) Obesity was mea-
sured using body mass index with no measurements of body fat
distribution. It may be beneficial to show a relationship between
the measures of body fat distribution and echocardiographic
parameters. 3) This study suggests that obesity is associated with
decreased ventricular function and increased ventricular mass in
this intellectual and developmental disabilities population, but fur-
ther research is necessary to determine whether weight reduction
may reverse this cardiac remodelling.

Conclusion

This study fills a prior knowledge gap by demonstrating that ven-
tricular strain measures of systolic and diastolic function and ven-
tricular mass were independently associated with elevated body
mass index in adolescents with intellectual and developmental dis-
abilities. This relationship was not detected by traditional echo
measures suggesting the potential for use of strain echocardiogra-
phy in the assessment of adolescents. These findings were similar
to those found previously in the typically developing adolescent
population. No associations were found linking the diagnoses of
Down syndrome or autism spectrum with abnormal ventricular
systolic function, mass, or size but suggest potential abnormal dia-
stolic dysfunction in the Down syndrome subgroup, although fur-
ther evidence is necessary.
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