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Does Arterial Stiffness
 Predict Cardiovascular
Disease in Older Adults With an
Intellectual Disability?
Frances O'Brien, PhD; Philip McCallion, PhD; Caitriona Ryan, PhD; Avejay Paul, MSc;
Éilish Burke, PhD; Simmoune Echiverri, BSc; Mary McCarron, PhD
Background: Arterial stiffness has been associated with an increased risk of cardiovascular disease (CVD) in some

patient populations. Objectives: The aims of this study were to investigate (1) whether there is an association

between arterial stiffness, as measured by the Mobil-O-Graph, and risk for CVD in a population of individuals with

intellectual disability and (2) whether arterial stiffness can predict the risk for CVD.Methods: This cross-sectional study

included 58 individuals who participated in wave 4 of the Intellectual Disability Supplement to the Irish Longitudinal

Study on Aging (2019–2020). Statistical models were used to address the first aim, whereas machine learning models

were used to improve the accuracy of risk predictions in the second aim. Results: Sample characteristics weremean (SD)

age of 60.69 (10.48) years, women (62.1%), mild/moderate level of intellectual disability (91.4%), living in community

group homes (53.4%), overweight/obese (84.5%), high cholesterol (46.6%), alcohol consumption (48.3%),

hypertension (25.9%), diabetes (17.24%), and smokers (3.4%). Mean (SD) pulse wave velocity (arterial stiffness

measured by Mobil-O-Graph) was 8.776 (1.6) m/s. Cardiovascular disease risk categories, calculated using SCORE2,

were low-to-moderate risk (44.8%), high risk (46.6%), and very high risk (8.6%). Using proportional odds logistic

regression, significant associations were found between arterial stiffness, diabetes diagnosis, and CVD risk SCORE2

( P < .001).We also found theMobil-O-Graph can predict risk of CVD, with prediction accuracy of the proportional odds

logistic regression model approximately 60.12% (SE, 3.2%). Machine learning models, k-nearest neighbor, and

random forest improvedmodel predictions over and above proportional odds logistic regression at 75.85%and 77.7%,

respectively. Conclusions:Arterial stiffness, as measured by the noninvasive Mobil-O-Graph, can be used to predict risk

of CVD in individuals with intellectual disabilities.

KEY WORDS: cardiovascular diseases*/prevention & control, heart disease risk factors, machine learning
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Cardiovascular diseases (CVDs) are amajor contrib-
utor to mortality and morbidity across the globe,

with myocardial infarction and stroke causing 85% of
deaths related to CVD.1 Whereas CVD mortality has
decreased marginally over the past number of years,
morbidity from CVD has increased. Most CVDs are
preventable, because many of their risk factors such as
hypertension, smoking, diabetes, obesity, physical inac-
tivity, hyperlipidemia, and alcohol consumption are
modifiable. Risk assessment and prediction help clinicians
to identify high-risk patients in order that they obtain
maximum benefit from prescribed preventive interven-
tions and from instituting behavioral change. Therefore,
risk assessment and risk prediction remain the corner-
stone of CVD guidelines for practice.2

Several studies have shown that the prevalence of car-
diovascular risk factors anddiseases is similar in the general
and intellectual disability populations, yet underdiagnosis
is a common problem in people with an intellectual
disability.3–6With increasing longevity and increased prev-
alence of some CVD risk factors such as obesity,6–8 low
levels of physical activity/sedentary behavior,9 and diabe-
tes,10 individuals with intellectual disability seem at a high
risk for CVD. This points toward a need to improve upon
the ways in which clinicians assess cardiovascular health
and screen for risk in those with intellectual disabilities.

There aremanyCVDrisk-screening algorithms that ob-
jectively quantify an individual's risk, such as Framingham,
QRESEARCH cardiovascular risk algorithm, and the re-
cently updated Systematic COronary Risk Evaluation al-
gorithm (SCORE2 and SCORE2-Older Persons). All algo-
rithms require similar data to estimate risk, such as age,
sex, smoking habits, and systolic blood pressure and cho-
lesterol levels. Most perform similarly in terms of discrimi-
nation, provided they are applied to the appropriate
population.11

In addition to these measures, studies have shown
arterial stiffness, which reflects the rigidity of the arte-
rial wall and is measured by aortic pulse wave velocity
(PWV), to be a strong predictor of cardiovascular
events as well as CVD.7,12–15 In addition, arterial stiff-
ness has been associated with mortality, although not
limited to those deaths cardiovascular in nature.7,14,15

In these studies, various instruments were used to mea-
sure PWV, such as oscillometric devices,12 the Pulse Trace
device,14 the Complior device,13 the applanation tonom-
etry,15 or a variety of modalities.7 TheMobil-O-Graph is
an oscillometric device, which has been shown to pro-
duce aortic PWV measurements comparable with the
more invasive intra-aortic catheter measurements16

and cardiacmagnetic resonance.17However, the choice
of instrument may depend on the cost and availability
of specialized equipment and trained personnel, along
with the population under investigation. The Mobil-
O-Graph is suitable for use in individuals with an intel-
lectual disability because it is noninvasive7 and quick
Copyright © 2023 Wolters Kluwer Health, Inc. Unaut
and easy to use.18 These features make it amenable for
use in individuals with attentional difficulties, whereas
its portability facilitates its use in familiar/nonthreat-
ening settings.

Assessing arterial stiffness using theMobil-O-Graph
in individuals with intellectual disability may help to
address the problem of underdiagnosis of CVD risk in
clinical practice. Although the relationship between ar-
terial stiffness and risk for CVDs has been explored in
the general population,12,13 it has not yet been reported
in those with intellectual disability. In this study, the au-
thors investigate whether there is an association be-
tween arterial stiffness, as measured by the Mobil-O-
Graph, and risk for CVD in a population of individuals
with intellectual disability. They also investigate whether
arterial stiffness, as measured by the Mobil-O-Graph,
can predict risk for CVD. Statistical models are used to
address the first aim, whereas machine learning models
are used to improve the accuracy of risk predictions in
the second aim.
Methods
Design and Study Sample

This cross-sectional study was carried out in 2020, as
part of wave 4 of the Intellectual Disability Supplement
to the Irish Longitudinal Study on Aging (IDS-TILDA),
a longitudinal study of adults, 40 years and older, with
an intellectual disability in Ireland. The IDS-TILDA sam-
ple was drawn from the National Intellectual Disability
Database, which collects information on all people with
an intellectual disability in the Republic of Ireland who
are eligible for or receiving services.19,20 Details of sam-
pling methods used in earlier IDS-TILDA waves have
been reported elsewhere.21 The study is now over 10
years in existence, and as a number of participants had
aged into the older age groups and a number had died
(n = 172) or withdrawn (n = 75) from the study, it was
decided to refresh the sample for wave 4. In total, 233
new participants were recruited into wave 4, bringing
the total participant rate to 739, indicating an overall
response rate of 87.1%.21

Participants were eligible for inclusion in this study
if they completed the IDS-TILDA self- or informant-report
measures (preinterviewquestionnaire and computer-assisted
personal interview) in addition to Mobil-O-Graph and
cholesterol measurements at the IDS-TILDA health as-
sessment. Details on the health assessment have previ-
ously been reported.22

Of the 739 individualswho took part inwave 4 of IDS-
TILDA, 274 completed the objective health assessment,
before it being terminated because of the COVID-19 pan-
demic. Of these, 134 completed Mobil-O-Graph, and 91
provided a blood drop sample for cholesterol, with 62 in-
dividuals providing both Mobil-O-Graph and cholesterol
horized reproduction of this article is prohibited.
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data. Individuals with atherosclerotic CVDwere excluded
from analyses because of their high-risk status of a recur-
rent event. Therefore, the study sample is 58 participants
(see Figure 1 for the flowchart).

Data Collection and Ethics

Accessible easy-to-read materials with full explanation
supported informed consent. The data collection in-
struments and processes were validated in previous
waves. Objective measurements were completed as
per protocol, at sites familiar to participants. Ethical
approval was obtained from the university and from
each of the participating service providers.

Outcome Measures
Demographic and Clinical Profile

Demographic data included sex, age by group, level of
intellectual disability (mild, moderate, severe/profound),
and type of residence (independent/family, community
group home, and residential care). The presence of CVD
(angina, heart attack, open heart surgery, angioplasty/
stent insertion, heart failure, stroke/transient ischemic at-
tack) was based on reporting ever having had a doctor's
diagnosis of these conditions or having undergone a re-
lated procedure. The presence of cardiovascular risk fac-
tors (hypertension, diabetes) was based on taking antihy-
pertensive medication and/or using oral hypoglycemic
FIGURE 1. Flowchart of study sample. CVD, cardiovascular
disease; NIDD, National Intellectual Disability Database.

Copyright © 2023 Wolters Kluwer Health, Inc. Unau
medication/insulin as well as having a doctor's diagnosis
of these conditions.Other cardiovascular risk factors such
as smoking status (current smoker/previous smoker/never
smoked), alcohol consumption, level of physical activity
(International Physical Activity Questionnaire), diet (fair/
poor/at least good), and type of diet were self-reported.
Body mass index was derived from anthropometric mea-
surements of weight and height, which were obtained
during objective health assessment and aligned with the
World Health Organization's classification of under-
weight (<18.5 m2), normal weight (18.5–24.9 m2), over-
weight (25–29.9 m2), and obese (>30 kg/m2). Central
obesity was also measured objectively at health assess-
ment by the research clinician using waist circumference
measurements.

Arterial Stiffness

Arterial stiffnesswas estimated using theMobil-O-Graph
device (PWAMonitor; IEMGmbH, Stolberg, Germany),
a previously validated noninvasive oscillometric method,
which provides values for PWV in meters per second.16

During the single measurement, which was performed
in a sitting, resting position, using the criteria for per-
forming blood pressure,23 other hemodynamic crite-
rion standard measurements were obtained, such as
central blood pressure, pulse pressure, and resting heart
rate. Participants were shown the Mobil-O-Graph de-
vice, and it was explained how the accompanying cuff
would be placed on their arm to obtain the measure-
ment. They were informed how the cuff would feel
while it was being inflated and the importance of re-
maining as still as possible while the device took its
measurements. In addition, data on the individuals'
age, sex, weight, height, and smoking status were re-
corded on the program software.

Cardiovascular Risk

To assess CVD risk, the SCORE2 risk-screening algo-
rithmwas used because it was considered suitable to this
population, having been tested on large European data
sets. Furthermore, it accounts for increasing longevity,
up to 89 years, in the extended age SCORE2-Older Per-
sons algorithm.2 The SCORE2 algorithm estimates
10-year risk of fatal and nonfatal CVD events in appar-
ently healthy participants without established athero-
sclerotic CVD, diabetes, and/or moderate-to-severe
chronic kidney disease.2 Risk estimations are displayed
graphically in simple risk charts or can be accessed via
a computer-based application. We used the chart be-
cause its format is useful for clinical practice. Ireland is
considered amoderate-risk country2; therefore, we used
the moderate-risk chart.

Predictive SCORE2 risk values were derived by ap-
plying each participant's sex, smoking status, age cate-
gory, nearest systolic blood pressure, and non–high-
density lipoprotein cholesterol to the chart. Objective
thorized reproduction of this article is prohibited.



4 The Journal of Cardiovascular Nursing x Month 2023

D
ow

nloaded from
 http://journals.lw

w
.com

/jcnjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 02/08/2024
cholesterol levels were obtained through a capillary blood
drop sample because this method was deemed less inva-
sive than traditional venous blood sampling. Systolic
blood pressure readings were taken from the Mobil-O-
Graph outputs. All other data were self-reported and ob-
tained from the computer-assisted personal interview.

As advancing age is a significant factor for CVD risk,
CVD riskwas categorized as low-to-moderate risk (green),
high risk (yellow), and very high risk (red) in line with the
European Society of Cardiology (2021)2 suggestions for
intensity of treatment by age. Individuals with atheroscle-
rotic CVD were excluded from analyses because of their
high-risk status for a recurrent event.2 Participants who
haddiabeteswere included separately in themodel because
they are at a higher risk than the general population.2

Data Analysis
SPSS version 26 was used for descriptive statistical
analysis such as the demographic profile of the sample
and the prevalence of CVD and cardiovascular risk fac-
tors. A proportional odds logistic regression model was
used to examine the association between arterial stiff-
ness, diabetes diagnoses, the participants' level of intel-
lectual disability, etiology of intellectual disability, and
residence type on CVD risk SCORE2. As SCORE2 is
calculated using the variables age, sex, blood pressure,
cholesterol level, and smoking status, these variables
were not included as independent/predictor variables
in the proportional odds logistic regressionmodel. A re-
duced model of significant variables was examined to
identify whether there was an association between arte-
rial stiffness (represented by PWV), diabetes, and the 3
categories of risk for CVDs as defined by SCORE2.2

The proportional odds logistic regression function from
the MASS24 “R” statistical package25 was used to fit
the model. Proportional odds logistic regression ac-
counts for the fact that the dependent variable, CVD
risk, is categorical with an inherent ordering. The pro-
portional odds assumption of the proportional odds lo-
gistic regression model is a parallel regression model;
that is, there are common coefficients for low-to-
medium and medium-to-high CVD risk categories.
The Brant test was used to test this assumption.26

Akaike information criterion 27 was used for model se-
lection. Akaike information criterion balances good-
ness of fit with the number of estimated parameters to
avoid overfitting. The lower the Akaike information
criterion, the better the model.27

Although statistical models are most suited to estab-
lishing the association between arterial stiffness and
risk for CVD, they are not always the best approach
for predictions. To find an optimal model for prediction
of CVD risk, a machine learning approach was added
because it can handle the nonlinearity relationship be-
tween risk factors and outcomes that has been pur-
ported to challenge conventional CVD risk prediction
Copyright © 2023 Wolters Kluwer Health, Inc. Unaut
algorithms.28 Proportional odds logistic regression was
selected as the base model upon which to compare
machine learning model outcomes. Prediction inferences
wereperformedusing randomforest andk-nearest neighbor
(kNN) classification algorithms. Hyperparameter tuning
was performed for both models.

Random forest is a commonly used ensemble tech-
nique that combines individual predictions from multi-
ple decision trees. Random forest takes the predictions
from multiple decision trees into account, and the label
most predicted by the decision trees is selected as the fi-
nal prediction of the model. k-Nearest neighbor, on the
other hand, is a model that uses most of the decisions
made by the neighboring data points to make the pre-
diction. Thismodel, just like random forest, can be used
for both regression and classification problems.

A k-fold approach was used for cross-validation
whereby data were divided into 2 segments; one was
used to train the model, whereas the other was used
to validate/test the model.29 The data were split into
“k” folds/portions (k = 5, 10, 15) where “k – 1” folds
of the data were used to train the model. During the
model-fitting phase, one of the folds was kept aside to
be used to validate the model. The models (propor-
tional odds logistic regression, kNN, and random for-
est) were then used to predict the CVD risk SCORE2
category for the remaining test data. Lower k-fold
values were selected to ensure sufficient test data were
available for model validation and to check the accu-
racy of our predictions. This was repeated until all
“k” folds of the data had been part of the test set. The
prediction results from all “k” sets were averaged to
provide the final prediction accuracy of the model. This
complete process was repeated 100 times, whereby the
data set was shuffled randomly such that both the train-
ing and test data were chosen in a different fashion each
time. This provided an estimate of the variability of pre-
diction accuracy.
Results
Demographic Profile, Prevalence of
Cardiovascular Disease, and Risk Factors

The demographic profile of the sample (N = 58) along
with the prevalence of cardiovascular risk factors is pre-
sented in Table 1. The mean age was 60.69 ± 10.48
(range, 41–87) years, and most participants were fe-
male (62.1%, n = 36/58). Most had a mild or moderate
level of intellectual disability (91.4%, n = 53/58), and
most lived in either community group homes (53.4%,
n = 31/58) or residential care (25.9%, n = 15/58).

The prevalence of CVD in this cohort was very low;
no individual had heart failure or angina. Four individ-
uals with atherosclerotic CVD had previously been ex-
cluded. With respect to cardiovascular risk factors,
horized reproduction of this article is prohibited.



TABLE 1 Sample Characteristics of Adults With Intellectual Disability, 40 Years and Older (N = 58)

Characteristics n % Mean ± SD (Range)

Age, y 60.69 ± 10.48 (41–87)
<50 8 13.8
50–64 32 55.17
65+ 18 31.03

Gender Male 22 37.9
Female 36 62.1

Level of ID Mild 23 39.7
Moderate 30 51.7
Severe/profound 5 8.6

Cause of ID Down syndrome 8 13.8
Other/unknown 50 86.2

Type of residence Independent/family 12 20.7
Community group home 31 53.4
Residential setting 15 25.9

Other cardiovascular diseases
(atherosclerotic excluded)

Angina/heart failure/abnormal heart rhythm 0 0

Cardiovascular risk factors Alcohol consumption 27 46.6
Almost every day 0 0
5 or 6 d/wk 0 0
Once/twice per week 9 33.3
Once/twice per month 5 18.5
Less than once per month 12 44.4
Not at all in the last 12 mo 1 3.7

High cholesterol 27 46.6
Hypertension 15 25.9
Diabetes 10 17.24
Current smoker 2 3.4

Body mass indexa 31.1 ± 5.8 (19.9–49.5)
Normal weight 9 15.5
Overweight 17 29.3
Obese 32 55.2

Waist circumferencea 107.5 cm ± 12.6
Male 108.1 cm ± 12.4
Female 107.1 cm ± 12.9

Self-reported diet Fair or poor 3 5.1
At least good 55 94.9

Physical activity Mild
Hardly ever or never 13 22.4
At least once a week 45 77.6

Moderate
Hardly ever or never 29 50.0
At least once a week 29 50.0

Vigorous
Hardly ever or never 52 89.7
At least once a week 6 10.3

Arterial stiffnessa,b 8.776 ± 1.6 (5.9–13.0)
8.55b (IQR, 5.9–9.5)

Central blood pressurea Systolic 125.7 ± 18.0 (94–185)
Diastolic 83.1 ± 10.5 (60–116)

Pulse pressurea 42.6 ± 16.6 (15–102)
Pulsea 71.5 ± 13.0 (44–108)

(continues)

Does Arterial Stiffness Predict CVD? 5
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TABLE 1 Sample Characteristics of Adults With Intellectual Disability, 40 Years and Older (N = 58),
Continued

Characteristics n % Mean ± SD (Range)

SCORE2 risk categorya Low-to-moderate CVD risk, total 26 44.8
• <50 y 6 10.3
• 50–69 y 19 32.8
• ≥70 y 1 1.7

High CVD risk, total 27 46.6
• <50 y 2 3.4
• 50–69 y 13 22.4
• ≥70 y 12 20.7

Very high CVD risk, total 5 8.6
• <50 y 0 0.0
• 50–69 y 0 0.0
• ≥70 y 5 8.6

Abbreviations: CVD, cardiovascular disease; ID, intellectual disability; IQR, interquartile range.
aObjective measure.
bMedian (interquartile range).
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84.5% (n = 49/58) were overweight or obese, 46.6%
had high cholesterol (n = 27/58), 25.9% (n = 15/58)
had hypertension, 17.24% (n = 10/58) had diabetes,
and 3.4% (n = 2/58) were smokers. Although 46.6%
(n = 27/58) responded “yes” to drinking alcohol in
the preceding year, no participant consumed alcohol
more than once/twice a week (Table 1).

Most participants (94.8%, n = 55/58) reported their
overall diet as being “at least good.”Of the 23 participants
who reported taking a special diet, approximately half
were on low-fat (56.5%, n = 13) or weight-reducing
(52.2%, n = 12) diets, whereas 17.4% (n = 4)were on a di-
abetic diet. Almost one-quarter (22.4%, n = 13/58) and
half (50%, n = 29/58) of the participants reported hardly
ever or never taking mild or moderate physical activity
respectively, whereas 10.3% (n = 6/58) reported taking
vigorous exercise at least once per week. Themeanwaist
circumference was 107.5 ± 12.6 cm (108.1 ± 12.4 and
107.1 ± 12.9 cm inmale and female participants, respec-
tively). With respect to cardiovascular risk score, 44.8%
(n = 26/58) were in the low- to moderate-risk group,
TABLE 2 Proportional Odds Logistic Regression: Mod

Model 1 Coefficients Coefficien

Diabetes indicatora 1.47
Down syndrome etiology 0.01
Residence type: community group home 0.07
Residence type: residential care 0.49
ID level: moderate 0.04
ID level: severe/profound 0.90
Mobil-O-Graph PWV readingb 0.77
Interceptsb

SCORE2 risk category: low-to-moderate/high riskb 6.85
SCORE2 risk category: high/very high riskb 9.75

Measures of model fit: Akaike information criterion = 82.40.
Abbreviations: ID: intellectual disability; PWV, pulse wave velocity.
aSignificant at α = .05.
bSignificant at α = .01.

Copyright © 2023 Wolters Kluwer Health, Inc. Unaut
46.6% (n = 27/58) were in the high-risk group, and
8.6% (n = 5) were in the very high–risk group (Table 1).

The meanMobil-O-Graph score provided measures
for PWVas 8.776 ± 1.6 m/s. The mean systolic and di-
astolic central blood pressure measurements were
125.7 ± 18.0 and 83.1 ± 10.5mmHg, respectively, with
a corresponding mean pulse pressure of 42.6 ± 16.6.
The mean pulse rate of participants was 71.2 ± 13
(44–108) (Table 1).

Is Arterial Stiffness Associated With
Cardiovascular Disease Risk SCORE2?

Using the proportional odds logistic regression model,
significant associations were found between arterial
stiffness (PWV), diabetes diagnoses, and CVD risk
SCORE2 (P < .01). Results are displayed in Table 2.
Reducing the model, to include only the significant var-
iables, PWV and diabetes diagnoses produced the
model fit displayed in Table 3, with odds ratio for arte-
rial stiffness as exp(0.72) = 2.06 (95% confidence inter-
val, 1.55–2.89). Thus, for every unit increase in PWV,
el 1

t Value Odds Ratio 95% Confidence Interval

4.36 1.39–13.62
1.01 0.30–3.44
1.08 0.37–3.17
1.64 0.48–5.64
1.04 0.46–2.38
2.47 0.58–10.54
2.15 1.53–3.02

horized reproduction of this article is prohibited.



TABLE 3 Proportional Odds Logistic Regression: Model 2

Model 2 Coefficients Value Odds Ratio Confidence Interval

Diabetes indicatora 1.30 3.68 1.36–11.29
Mobil-O-Graph PWV readingb 0.72 2.06 1.55–2.89
Interceptsb

SCORE2 risk category: low-to-moderate/high risk 6.23
SCORE2 risk category: high/very high riskb 8.93

Measures of model fit: Akaike information criterion = 76.13.
Abbreviation: PWV: pulse wave velocity.
aSignificant at α = .05.
bSignificant at α = .000.
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participants were twice as likely to be categorized as
having a higher CVD risk. Moreover, a participant
with a diabetes diagnosis was 3.5 times more likely
(exp[1.30] = 3.68 [95% confidence interval, 1.36–11.29])
to belong to a higher risk category than a person with
the same Mobil-O-Graph reading without diabetes.
No evidence was found of a significant effect of level
of intellectual disability, etiology of intellectual disabil-
ity, or residence type on CVD risk SCORE2 (P > .05)
based on this small sample of 58 participants.

Model 2 is a better model fit with Akaike information
criterion of 76.13 (Table 3) comparedwithAkaike infor-
mation criterion of 82.40 for model 1 (Table 2). The
Brant test indicates that the proportional odds logistic re-
gression assumption of a common slope across each of
the CVD risk categories is reasonable (P = .19 > α).
FIGURE 2. An example of a plot of one of the 100 simulations
for random forest. PWV, pulse wave velocity.
Can Arterial Stiffness Predict Risk for
Cardiovascular Disease?

The proportional odds logistic regression model men-
tioned previously was explored to also address the sec-
ond goal of this article: to enable the prediction of
CVD risk SCORE2 given the participants' Mobil-O-
Graph reading. Using a 5-fold (80% training data,
n = 46; 20% test data, n = 12) cross-validation and
100 simulations of the prediction process, the predic-
tion accuracy with the proportional odds logistic re-
gression model was, on average, 60.12%, with a stan-
dard error of 3.2%.

Using machine learning models, we found that both
kNN and random forest models improved model pre-
dictions over and above proportional odds logistic re-
gression. However, the performance of random forest
was slightly better than that of the kNN model. Of the
selected k-fold values 5, 10, 15, and 100 simulations,
k-fold = 5 (80% training data, n = 46; 20% test data,
n = 12) produced the best result for the kNN model
(mean [SD] accuracy, 75.85% [almost 0%]). Mean-
while, k-fold = 15 (93.3% training data, n = 54; 6.7%
test data, n = 4) produced the best result for the random
forest model (mean [SD] accuracy, 77.72% [1.61%]).
As an example, Figure 2 shows the predictions of one
of the 100 simulations for the random forest model.
Copyright © 2023 Wolters Kluwer Health, Inc. Unau
Data are denoted with orange points, whereas the blue
circles indicate the predicted risk score category. Individ-
uals with high PWV values (11, 12, 13) are mostly in the
very high–risk score category (red), whereas those with
the lower PWV values (6, 7, 8) are in the low-to-
moderate risk (green) and so on.

Discussion
The demographic profile of our sample and the preva-
lence of cardiovascular risk factors such as hyperlipid-
emia (47%), hypertension (26%), and diabetes (17%)
are broadly like other studies of individuals with intel-
lectual disabilities internationally,4,10 whereas mea-
sures such as blood pressure, pulse pressure, and pulse
rate are similar to the general population.2 In this study,
more than half of our participants were in the high- or
very high–risk SCORE2 category, which was no sur-
prise, given their risk factors.

Early detection of CVD risk in addition to early inter-
vention can halt disease progression, reduce medical
costs, and prevent mortality.30 Assessment of risk is at
the core of primary prevention and should be used to
guide decision making for preventive interventions.
For instance, reducing weight and undertaking exercise
concurrently can improve an individual's cardiovascu-
lar profile, reduce their blood pressure, improve glyce-
mic control, and decrease the risk of type 2 diabetes.2,31

To prompt preventive actions in implementing these
thorized reproduction of this article is prohibited.



8 The Journal of Cardiovascular Nursing x Month 2023

D
ow

nloaded from
 http://journals.lw

w
.com

/jcnjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 02/08/2024
interventions, individuals need to be aware of their risk
status and the appropriate interventions to reduce
these.2 However, educating individuals with intellectual
disabilities can be challenging, because their intellectual
disability can affect their ability to understand complex
health-related information,making it harder for them to
learn about and follow through with recommendations
for healthy lifestyle changes.32 In addition, if they have
mobility issues, it may be challenging for them to engage
in physical activity.33 Moreover, they may have diffi-
culty accessing equipment/facilities suitable to their
needs, or they may require extra support to participate
in exercise programs,33 further complicating efforts to
lessen their CVD risk.

Current international guidelines recommend that all
adults undertake at least 150 minutes of moderate-intensity
(a minimum of 30 minutes per day 5 days per week)
or 75 minutes of vigorous-intensity exercise, per week,
along with a healthy diet and lifestyle.2,31 These
guidelines have also identified the inverse relationship
between moderate/vigorous physical activity, cardio-
vascular events, and all-cause mortality. 2,31 Our
study identified that half of our sample hardly ever
or never undertook moderate-intensity physical activity,
whereas almost 90% hardly ever or never undertook
vigorous physical activity. Furthermore, most partici-
pants (85.5%) in our study were overweight or obese
and had a mean waist circumference of 107.5 cm. De-
spite this, only one-quarter of participants reported be-
ing on a weight-reducing diet. Notwithstanding this, al-
most all reported their overall diet as being good, sug-
gesting a lack of insight into the diet, exercise, and
body mass index triad.

Researchers have written extensively about health-
care inequalities in adults with intellectual disabilities
in comparison with the general population,34,35 and
addressing these inequalities has become a global prior-
ity.36 The introduction of strategies such as annual pri-
mary care health checks for adults with intellectual dis-
abilities have been somewhat successful in reducing but
has not eliminated the inequalities gap.34 For instance,
in their large UK study, Hughes-McCormack and col-
leagues34 (2020) used hard indicators of best practice
to measure healthcare between 2007–2010 and 2014.
Aspects of health promotion that remained poor for in-
dividuals with intellectual disabilities compared with
the general population included lifestyle advice on in-
creasing physical activity, smoking cessation, safe alco-
hol consumption, and healthy diet for patients with hy-
pertension. In addition, significantly more patients
from the general population were referred for further
investigation after stroke/transient ischemic attack
compared with those with an intellectual disability
(P < .001). When the outcomes of the intellectual dis-
ability cohort were explored, separate to the general
population, overall improvements were observed in 8
Copyright © 2023 Wolters Kluwer Health, Inc. Unaut
of the 12 conditions (including coronary heart disease,
heart failure, stoke, diabetes, and hypertension) and in
19 of the 40 clinical indicators, demonstrating that im-
provements can be made.34

These findings should be considered in the context of
health checks provided to older people with an intellec-
tual disability. Identification and understanding of
CVD risk and associated health promotion activities
may provide a means of encouraging adherence to life-
style or pharmacological therapies. Furthermore, it
would enable healthcare providers to match the type
and intensity of an intervention to the individual's risk,
maximizing the potential benefit. However, health pro-
motion interventions are a recently emerging field of
research in individuals with intellectual disabilities. A
systematic review37 and a scoping review38 evaluated
interventions designed to encourage behavior change,
among individuals with intellectual disabilities37 and
those with disability, living in supported accommoda-
tion.38 Some programs were devised specifically for
adults with intellectual disabilities, whereas others were
adapted from programs initially developed for the gen-
eral population.37,38 Although evidence from both re-
views suggest that behavior-focused health promotion
programs can be effective for individuals with intellec-
tual disabilities, a lack of heterogeneity in terms of
study design, intervention characteristics, targeted out-
comes, and methodological quality limits the ability to
draw definitive conclusions around efficacy and the
components of a good intervention.37,38

Nonetheless, as most interventions comprise educa-
tion, greater involvement of caregivers, family mem-
bers, partners, and friends is recommended as a worth-
while strategy.32,37,38 Consistent with this, Vetter and
colleagues39 (2022), whose study included a secondary
data analysis of 38 interviewswith individuals who had
mild-to-moderate intellectual disabilities, reported the
significant impact interpersonal relationships can have
in shaping an individual's understanding and knowl-
edge of health-related information. On the basis of trust
and emotional connection, these caregivers can also
serve as resources, motivators, and supports, helping
to reinforce the importance of healthy lifestyle choices
and providing assistance with physical activity and
other health-promoting behaviors. These results are
further supported in a randomized controlled trial40

that included adults with intellectual and developmen-
tal disability and their helpers (family members, carers)
with greater improvements reported for those who had
a helper. A novel aspect of this study40 is that partici-
pants could choose their own helpers, implying that
the relationship was already grounded on trust and
emotional connection. Although these results under-
score the importance of involving family members or
carers in interventions for individuals with an intellec-
tual disability, further research is required to determine
horized reproduction of this article is prohibited.



What’s New and Important

▪ People with intellectual disabilities are at risk for CVDs,
yet they are often marginalized in healthcare
and research.

▪ Having a noninvasive, user-friendly risk assessment
instrument that does not require access to laboratory
samples would be particularly useful in assessing CVD
risk in individuals with intellectual disability in primary
care and residential settings.

▪ When high risk for CVD is identified in a timely manner,
healthcare providers can proactively encourage lifestyle
redesign and adherence to pharmacological therapies.
This has the potential to reduce the burden of CVD.

▪ The use of machine learning techniques can strengthen
statistical predictions.
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what constitutes a “criterion standard” intervention for
this cohort.

Consistent with CVD risk assessment, arterial stiff-
ness measurements have become of increasing interest
in the last decade. The mean PWV, as measured by
the Mobil-O-Graph in this study, was 8.8 m/s, which
is consistent with published reference values for the
general population.41 We also found that arterial stiff-
ness was strongly associated with CVD risk using
SCORE2 and that it was possible to predict CVD risk
categories using SCORE 2 quite accurately using only
Mobil-O-Graph readings. Consequently, our study
supports using the Mobil-O-Graph in predicting CVD
risk in individuals with an intellectual disability. This
is an important finding, as having a risk assessment in-
strument that is noninvasive and user friendly and does
not require or assume access to laboratory samples
would be particularly useful in primary care and resi-
dential settings. The Mobil-O-Graph device resembles
a blood pressure cuff; therefore, its familiarity would
promote a sense of ease to its use and support engage-
ment and empowerment in individuals with intellectual
disability.

The results of this study were supported by machine
learning, with a prediction accuracy of 78%.We found
thatmachine learningmodels, kNN, and random forest
improved model predictions over and above POLR;
however, it is generally understood that no one algo-
rithm is better than the other but is more related to
the method used.42 Akella and Akella43 (2021) applied
machine learning algorithms to the publicly available
Cleveland data set, to predict the presence of coronary
artery disease. Like our study, 2 of the models used
were kNN and random forest. However, all 6 models
used performed well and achieved accuracies greater
than 80%, thus supporting the use of machine learning
algorithms in detecting the presence of CVD. Suri and
colleagues28 (2022) computed the risk of bias for
CVD risk prediction, in 39 studies that used machine
learning (n = 24) and non–machine learning (n = 15).
Copyright © 2023 Wolters Kluwer Health, Inc. Unau
They found the bias effect in machine learning studies
was 43% less compared with non–machine-learning
studies, using the analytical slope method, further
supporting the benefit of machine learning in improv-
ing the accuracy of CVD risk prediction.

The strengths and limitations of our study warrant
consideration. Previously reported data within this
population support this investigation. Overweight and
obesity levels at 79.7%,44 associated chronic health,8

and high levels of sedentary behavior9 all support and
emphasize the need for primary prevention among this
vulnerable cohort. All objective measures were carried
out by the same 3 registered intellectual disability
nurses who were trained to ensure consistent accurate
administration and scoring of measures as per study
protocol. Using the Mobil-O-Graph was acceptable to
the participants in this study and presents an opportu-
nity for this convenient but robust objective measure
to be used within primary healthcare. However, past
studies that used the Mobil-O-Graph to measure
PWV have typically conducted 2 measurements and
used the mean of both,18,45 with limited instances of a
single measurement being used.46 Therefore, the use
of only 1 measurement in this study can be considered
a limitation. The sample size was small owing to
COVID-19 restrictions terminating the health fair,
which meant potential participants were precluded
from completing the requisite objective measures. The
sample was further limited in that it only comprised in-
dividual residents in Ireland. In addition, the small sam-
ple had implications for the number of cases available
to train the model. Further studies with a larger sample
size should provide more robust evidence. The study
was cross-sectional, and therefore, clinical follow-up
data with respect to the development of CVD were
not available. However, the use of machine learning
strengthened the predictions of the results.

Conclusion
Individuals with intellectual disabilities have many risk
factors for CVD, yet they are often marginalized in
healthcare and research. When high risk for CVD is
identified in a timely manner, healthcare providers can
proactively encourage lifestyle redesign and adherence
to pharmacological therapies. Although further re-
search is required regarding what constitutes a “crite-
rion standard” intervention for this cohort, matching
the intensity of the intervention to the level of risk,
and involving family members/carers in the interven-
tion, maximizes the benefit to the individual and has
the potential to reduce the burden of CVD. Arterial
stiffness, as measured by PWV using the Mobil-O-
Graph, can be used to predict risk for CVD risk catego-
ries in individuals with an intellectual disability. The
Mobil-O-Graph is suitable for use in this cohort
thorized reproduction of this article is prohibited.
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because it is noninvasive, portable, and easy to use, and
does not require laboratory data. Assessing arterial
stiffness in this way may help to address the problem
of underdiagnosis of CVD risk in individuals with intel-
lectual disability. However, the relationship between
Mobil-O-Graph measurement, intervention, and sub-
sequent outcomes should be tested in future research.
Acknowledgments

The authors thank the people with intellectual disabil-
ity who participated in the study, their families and
carers, the services involved, the Intellectual Disability
Supplement to the Irish Longitudinal Study on Aging
Scientific Advisory Committee, and the Intellectual Dis-
ability Consultative Groups for their support.
REFERENCES
1. WorldHealthOrganization.CardiovascularDiseases (CVDs).

Geneva: World Health Organization; 2021.
2. Visseren FLJ,Mach F, Smulders YM, et al. 2021 ESC guide-

lines on cardiovascular disease prevention in clinical practice:
developed by the task force for cardiovascular disease preven-
tion in clinical practice with representatives of the European
Society of Cardiology and 12 medical societies with the spe-
cial contribution of the European Association of Preventive
Cardiology (EAPC). Eur Heart J. 2021;42(34):3227–3337.

3. Schroeder EC, DuBois L, Sadowsky M, Hilgenkamp TIM.
Hypertension in adults with intellectual disability: prevalence
and risk factors. Am J Prev Med. 2020;58(5):630–637.

4. De Winter CF, Bastiaanse LP, Hilgenkamp TIM, Evenhuis
HM, Echteld MA. Cardiovascular risk factors (diabetes, hy-
pertension, hypercholesterolemia and metabolic syndrome)
in older people with intellectual disability: results of the
HA-ID study. Res Dev Disabil. 2012;33(6):1722–1731.

5. O'Brien F, McCallion P, Carroll R, O'Dwyer M, Burke E,
McCarron M. The prevalence, awareness, treatment, and
control of hypertension in older adults with an intellectual
disability in Ireland: a cross sectional study. Eur J Cardiovasc
Nurs. 2021;20(4):315–323.

6. de Leeuw MJ, Oppewal A, Elbers RG, et al. Healthy ageing
and intellectual disability study: summary of findings and the
protocol for the 10-year follow-up study. BMJ Open. 2022;
12(2):e053499.

7. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of
cardiovascular events and all-cause mortality with arterial
stiffness: a systematic review and meta-analysis. J Am Coll
Cardiol. 2010;5(13):1318–1327.

8. Ryan J, McCallion P, McCarron M, Luus R, Burke EA.
Overweight/obesity and chronic health conditions in older
people with intellectual disability in Ireland. J Intellect
Disabil Res. 2021;65(12):1097–1109.

9. Lynch L,McCarron M,McCallion P, Burke E. Sedentary be-
haviour levels in adults with an intellectual disability: a system-
atic review and meta-analysis.HRB Open Res. 2021;4:69.

10. Cuypers M, Leijssen M, Bakker-vanGijssel EJ, et al. Patterns in
the prevalence of diabetes and incidence of diabetic complications
in people with and without an intellectual disability in Dutch
primary care: insights from a population-based data-linkage
study. Prim Care Diabetes. 2021;15(2):372–377.

11. Cooney MT, Dudina AL, Graham IM. Value and limitations
Copyright © 2023 Wolters Kluwer Health, Inc. Unaut
of existing scores for the assessment of cardiovascular risk: a re-
view for clinicians. JAmColl Cardiol. 2009;54(14):1209–1227.

12. Mattace-Raso FU, van derCammen TJ,Hofman A, et al. Ar-
terial stiffness and risk of coronary heart disease and stroke:
the Rotterdam Study. Circulation. 2006;113(5):657–663.

13. Mitchell GF, Hwang SJ, Vasan RS, et al. Arterial stiffness
and cardiovascular events: the Framingham Heart Study.
Circulation. 2010;121(4):505–511.

14. Said MA, Eppinga RN, Lipsic E, Verweij N, van der Harst
P. Relationship of arterial stiffness index and pulse pressure
with cardiovascular disease andmortality. J AmHeart Assoc.
2018;7(2):e007621.

15. Vasan RS, Pan S, Xanthakis V, et al. Arterial stiffness and
long-term risk of health outcomes: the Framingham Heart
Study. Hypertension. 2022;79(5):1045–1056.

16. Hametner B, Wassertheurer S, Kropf J, Mayer C, Eber B,
Weber T. Oscillometric estimation of aortic pulse wave ve-
locity: comparison with intra-aortic catheter measurements.
Blood Press Monit. 2013;18(3):173–176.

17. Feistritzer HJ, Reinstadler SJ, Klug G, et al. Comparison of
an oscillometric method with cardiac magnetic resonance for
the analysis of aortic pulsewave velocity.PloSOne. 2015;10(1):
e0116862.

18. Schierling W,Matzner J, Apfelbeck H, et al. Pulse wave ve-
locity for risk stratification of patients with aortic aneurysm.
J Clin Med. 2022;11(14):4026.

19. Kelly F, Kelly C.Annual Report of the National Intellectual
Disability Database Committee 2010. Health Research
Board: Dublin, Ireland; 2011.

20. Kelly C.National Intellectual Disability Database Committee
Annual Report 2011. Health Research Board: Dublin,
Ireland; 2012.

21. McCarron M, McCausland D, McGlinchey E, et al. Re-
cruitment and retention in longitudinal studies of people with
intellectual disability: a case study of the Intellectual Disabil-
ity Supplement to the Irish Longitudinal Study on Ageing
(IDS-TILDA). Res Dev Disabil. 2022;124:104197.

22. Burke ÉA, Walsh JB, McCallion P, McCarron M. Making
reasonable adjustment to enable and support people with in-
tellectual disability engage in objective health measures in a re-
search study—the health fair in the intellectual disability sup-
plement to the Irish longitudinal study on ageing. Inclusion.
2020;8(2):124–137.

23. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH
guidelines for the management of arterial hypertension. The
Task Force for the management of arterial hypertension of
the European Society of Cardiology (ESC) and the European
Society of Hypertension (ESH). Eur Heart J. 2018;00:1–98.

24. Venables WN, Ripley BD.Modern Applied Statistics with S.
4th ed. New York, NY: Springer; 2002.

25. R Core Team.R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical
Computing; 2021.

26. Brant R. Assessing proportionality in the proportional odds
model for ordinal logistic regression. Biometrics. 1990;46:
1171–1178.

27. Akaike H. Information theory and an extension of the max-
imum likelihood principle. In: Petrov BN, Csaki BF, eds. Sec-
ond International Symposiumon InformationTheory. Budapest,
Hungary: Academiai Kiado; 1973.

28. Suri JS, Bhagawati M, Paul S, et al. Understanding the bias
in machine learning systems for cardiovascular disease risk
assessment: the first of its kind review. Comput Biol Med.
2022;142:105204.

29. Kuhn M, Johnson K. Applied Predictive Modeling. New
York, NY: Springer; 2013:70.
horized reproduction of this article is prohibited.



Does Arterial Stiffness Predict CVD? 11

D
ow

nloaded from
 http://journals.lw

w
.com

/jcnjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 02/08/2024
30. Karunathilake SP, Ganegoda GU. Secondary prevention of
cardiovascular diseases and application of technology for early
diagnosis. BioMed Res Int. 2018;2018:Article ID 5767864.

31. Arnett DK, Blumenthan RS, Albert MA, et al. 2019 ACC/
AHA guidelines on the primary prevention of cardiovascular
disease: executive summary: a report of the American College
of Cardiology/AmericanHeart Association task force on clin-
ical practice guidelines. Circulation. 2019;140:e563–e595.

32. Geukes C, Bröder J, Latteck ÄD. Health literacy and people
with intellectual disabilities: what we know, what we do not
know, and what we need: a theoretical discourse. Int J Envi-
ron Res Public Health. 2019;16(3):463.

33. Stancliffe RJ, Anderson LL. Factors associated with meeting
physical activity guidelines by adults with intellectual and de-
velopmental disabilities. Res Dev Disabil. 2017;62:1–14.

34. Hughes-McCormack L, Greenlaw N,McSkimming P, et al.
Changes over time in the management of long-term condi-
tions in primary health care for adults with intellectual dis-
abilities, and the healthcare inequality gap. J Appl Res Intel-
lect Disabil. 2021;34(2):634–647.

35. Cooper SA, Hughes-McCormack L, Greenlaw N, et al.
Management and prevalence of long-term conditions in pri-
mary health care for adults with intellectual disabilities com-
pared with the general population: a population-based co-
hort study. J Appl Res Intellect Disabil. 2018;31:68–81.

36. Robertson J, Roberts H, Emerson E, Turner S, Greig R.
The impact of health checks for people with intellectual dis-
abilities: a systematic review of evidence. J Intellect Disabil
Res. 2011;55(11):1009–1019.

37. Scott HM, Havercamp SM. Systematic review of health pro-
motionprograms focusedonbehavioral changes for peoplewith
intellectual disability. Intellect Dev Disabil. 2016;54(1):63–76.

38. Hatzikiriakidis K, Ayton D,O'Connor A, et al. The delivery
of healthy lifestyle interventions for people with disability
living in supported accommodation: a scoping review of
Copyright © 2023 Wolters Kluwer Health, Inc. Unau
intervention efficacy and consumer involvement. Disabil
Health J. 2023;16:101444.

39. Vetter NS, Ilskens K, Seidl N, Latteck ÄD, Bruland D.
Health literacy of people with intellectual disabilities: how
meaningful is the social context for a target group-oriented
model of health literacy? Int J Environ Res Public Health.
2022;19(23):16052.

40. Zhang W,McDermott S, Salzberg DC,Hollis ND,Hardin J.A
randomized controlled trial using brief educational messages di-
rected to adults with intellectual disability and hypertension or
their helpers reduces hospital stays. Am J Health Promot. 2023;
0(0):8901171231161470. doi:10.1177/08901171231161470.

41. Reference Values for Arterial Stiffness' Collaboration. Deter-
minants of pulse wave velocity in healthy people and in the
presence of cardiovascular risk factors: ‘establishing normal
and reference values’. Eur Heart J. 2010;31(19):2338–2350.

42. Kotsiantis SB, Zaharakis I, Pintelas P. Supervised machine
learning: a review of classification techniques.EngAppl Artif
Intel. 2007;160(1):3–24.

43. Akella A, Akella S.Machine learning algorithms for predicting
coronary artery disease: efforts toward an open-source solution.
Future Sci OA. 2021;7(6):FSO698.

44. Burke E,McGlinchey E, Carroll R, et al. Physical health. In:
McCarron M, Haigh M, McCallion P, McCallion P, eds.
Health, Wellbeing and Social Inclusion: Ageing With an In-
tellectual Disability in Ireland. Evidence From the First Ten
Years of The Intellectual Disability Supplement to The Irish
Longitudinal Study on Ageing (IDS-TILDA). Dublin, Ireland:
Trinity College Dublin; 2017.

45. Benas D, Kornelakis M, Triantafyllidi H, et al. Pulse wave
analysis using theMobil-O-Graph, Arteriograph and Complior
device: a comparative study. Blood Press. 2019;28(2):107–113.

46. Cavalcante JL, Lima JA, Redheuil A, Al-Mallah MH. Aor-
tic stiffness: current understanding and future directions.
J Am Coll Cardiol. 2011;57(14):1511–1522.
thorized reproduction of this article is prohibited.


