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Abstract

Background Reduced physical fitness is a
cardiovascular disease (CVD) risk factor in the
general population. However, generalising these
results to older adults with intellectual disabilities
(ID) may be inappropriate given their pre-existing low
physical fitness levels and high prevalence of co-
morbidities. Therefore, the aim of this study is to in-
vestigate the difference in physical fitness between
older adults with ID with and without CVD.
Method Baseline data of a cohort of older adults with
borderline to profound ID (HA-ID study) were used
(n = 684; 61.6 ± 8.2 years; 51.3% male). CVD status
(coronary artery disease, heart failure, stroke) was
obtained from medical files. Cardiorespiratory fitness
(10-m incremental shuttle walking test), comfortable
and fast gait speed (over 5 m distance) and grip
strength (hand dynamometer) were measured.
Multivariable linear regression models were used to
investigate the association between these physical
fitness components and the presence of CVD,
adjusted for participant characteristics.

Results Of the 684 participants 78 (11.4%) had
CVD. Participants with CVD scored lower on
cardiorespiratory fitness (�81.4 m, P = 0.002),
comfortable gait speed (�0.3 km/h, P = 0.04) and fast
gait speed (�1.1 km/h, P = 0.04). No significant
differences were found for grip strength (�0.2 kg,
P = 0.89).
Conclusions Older adults with CVD had significantly
lower physical fitness levels than those without CVD,
except for grip strength. Longitudinal research is
needed to investigate causality.

Keywords Cardiorespiratory fitness, Cardiovascular
disease, Gait speed, Grip strength, Intellectual
disability, Physical fitness

Background

Cardiovascular diseases (CVD), including coronary
artery disease, heart failure and stroke, account for
almost one-third of all deaths worldwide (World
Health Organization 2021). These diseases are not
only an important health issue for the population at
large; they are also associated with high morbidity and
mortality in people with intellectual disabilities (ID)
(Patja et al. 2001; Van Den Akker et al. 2006). Several
studies, mainly based on retrospective medical file
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research, suggest that the prevalence and incidence of
CVD in older people with ID are equal to that in the
general population (Jansen et al. 2013; De Winter
et al. 2016).

Risk factors for CVD include hypertension,
hypercholesterolaemia, diabetes, smoking, obesity
and family history of premature CVD (Visseren
et al. 2021). Compared with the general population,
hypertension (Flygare Wallén et al. 2018), diabetes
(Flygare Wallén et al. 2018) and obesity (De Winter
et al. 2012b; Flygare Wallén et al. 2018) are more
often present in people with ID. CVD risk factors are
especially common in people with a mild level of ID,
who live more independently and make their own
lifestyle decisions (De Winter et al. 2012a).
Furthermore, some people with ID have increased
CVD risk due to syndrome-specific risk factors, such
as people with Prader–Willi syndrome (Sinnema
et al. 2011; Nordstrøm et al. 2016) and cerebral palsy
(Strauss et al. 1999).

Research in the general population showed that
physical fitness (U.S. Department of Health and
Human Services 2008; American College of Sports
Medicine 2021), especially cardiorespiratory fitness
(Myers et al. 2015; Ozemek et al. 2018; Kaminsky
et al. 2019), is an important factor in the risk of CVD.
Also, slow gait speed (Fonseca Alves et al. 2017;
Veronese et al. 2018) and low grip strength (Wu
et al. 2017; Tikkanen et al. 2018) are predictive for a
higher risk of CVD and cardiovascular mortality.
These results may not be generalisable to people with
ID in whom very low physical fitness levels have been
found (Salaun and Berthouze-Aranda 2012;
Hilgenkamp et al. 2012b; Oppewal et al. 2013). The
physical fitness levels of older adults with ID, aged
50 years and over, were comparable to, or even worse
than, those of adults in the general population who
were 20 years older (Hilgenkamp et al. 2012b). Given
these overall low physical fitness levels, combined
with the high prevalence of co-morbidities at a
younger age (Reppermund and Trollor 2016),
physical fitness might be less discriminative between
people with ID with and without CVD.

Therefore, this study investigated the difference in
physical fitness levels between older adults with ID
with and without CVD. We hypothesised that adults
with CVD had significantly lower physical fitness
levels than those without CVD for the physical fitness

components cardiorespiratory fitness, gait speed and
grip strength.

Methods

Study design and participants

Baseline data from the Healthy Ageing and
Intellectual Disability (HA-ID) study were used. The
HA-ID study is a prospective multicentre cohort
study on the physical and mental health of older
adults with ID who use formal ID support. A detailed
description of the design and recruitment of the
HA-ID study has been published elsewhere
(Hilgenkamp et al. 2011). Currently, the 10-year
follow-up of the HA-ID study is being performed (De
Leeuw et al. 2022). However, in the present study, we
will focus on the baseline data only. The data
collection of the HA-ID study was conducted in three
participating ID care organisations (Abrona, Amarant
and Ipse de Bruggen) that provide support to a wide
spectrum of individuals with ID in different care
settings in the Netherlands. All individuals with ID
who received care or support from one of these three
care organisations, and who were 50 years or older on
1 September 2008, were eligible to participate and
received an invitation. All data were collected be-
tween February 2009 and July 2010.

Two separate consent procedures were followed. A
behavioural scientist evaluated whether potential
participants were able to understand the study
information and to make an informed decision about
participation. If yes, they were sent an easy-to-read
information letter with supporting pictures and
consent form and signed the consent form
themselves. For individuals who were unable to give
informed consent, informed consent was requested
from their legal representative. Efforts were made to
inform the individuals who could not provide consent
themselves. At all times, resistance by the participant
to parts of the measurements was leading in deciding
to perform the measurements. To assure safe
participation to the physical fitness test, the Revised
Physical Activity Readiness Questionnaire (PAR-Q)
was administered by professional caregivers prior to
the data collection (Thomas et al. 1992). If any of the
questions were answered with ’yes’ or ’unknown’, the
physician of the participant was consulted to
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determine whether the participant could safely take
part in the physical fitness measurements.

Ethical approval was obtained from the Medical
Ethics Review Committee of the Erasmus MC,
University Medical Center Rotterdam (MEC-2008-
234). This study follows the guidelines of the
Declaration of Helsinki (World Medical Association,
2013).

Measurements

Participant characteristics

Data on age and sex were collected from the
administrative electronic systems of the care
organisations. Data about residential status (central
setting, community based, independent with
ambulatory support, with relatives) were collected
through a questionnaire completed by the
participant’s professional caregiver. Information
about the level of ID was collected from
psychologists’ and behavioural therapists’ files and
categorised as borderline [intelligence quotient (IQ)
70–80], mild (IQ = 55–70), moderate (IQ = 35–55),
severe (IQ = 25–35) or profound (IQ < 25) based on
the International Classification of Diseases (ICD-10)
criteria (World Health Organization 1996).
Information on the presence of Down syndrome (yes,
no, unknown) was retrieved from the participant’s
medical file.

Cardiovascular disease and cardiovascular disease risk
factors

The participant’s personal physician was asked to
provide information about whether the participant
had ever been diagnosed with coronary artery disease,
heart failure or stroke. The diagnoses were based on
events or episodes in the participant’s medical file.
Participants with at least one of these three CVD
diagnoses in their medical file were classified as
having ‘CVD’. Participants without one of these
diagnoses in their medical file were classified as
having ‘no CVD’.

The following CVD risk factors were measured
[exact procedures are described elsewhere (De
Winter et al. 2012a; De Winter et al. 2012b; De
Winter et al. 2014)]: hypertension (mean systolic
blood pressure ≥140mmHg or a mean diastolic blood
pressure ≥90 mmHg or the use of blood pressure

lowering drugs) (De Winter et al. 2012a),
hypercholesterolaemia (fasting serum total cholesterol
>6.5 mmol/L or the use of lipid-lowering drugs) (De
Winter et al. 2012a), diabetes mellitus (fasting serum
glucose >6.1 mmol/L or the use of glucose-lowering
drugs) (De Winter et al. 2012a), body mass index
(BMI) (De Winter et al. 2012b), waist circumference
(De Winter et al. 2012b), waist to hip ratio (De
Winter et al. 2012b), metabolic syndrome (according
to the criteria of the joint interim statement 2009)
(Alberti et al. 2009; De Winter et al. 2011),
inflammation (elevated C-reactive protein >10 mg/L)
(De Winter et al. 2014) and chronic kidney disease
(glomerular filtration rate according to the
CKD–creatinine–cystatin-C equation <60 ml/min/
1.73 m2) (Inker et al. 2012; De Winter et al. 2014).
Data about smoking at least one cigarette/day (yes,
no) were collected through a questionnaire completed
by the participant’s professional caregiver.
Information on the use of antipsychotics was retrieved
from the participant’s medical file.

Physical fitness

Cardiorespiratory fitness was measured with the 10-m
incremental shuttle walking test (Singh et al. 1992).
Participants walked back and forth on a 10-m course
at increasing speed. They started at 0.50 m/s, and the
walking speed increased every minute by 0.17 m/s.
The test ended when the participant failed to
complete a 10-m shuttle within the allowed time. The
test was performed twice, and the test with the best
effort (during which the participant attained the
highest peak heart rate) was regarded as the best test
and used in the analyses. The test score was the
distance (m) covered by the participant during the
test.

Gait speed was evaluated by measuring the time it
took to cover 5 m, after 3 m for acceleration, with an
additional 3 m at the end for deceleration.
Participants walked at comfortable gait speed and at
fast gait speed (Bohannon 1997). Participants walked
three times for each condition. For comfortable gait
speed, the three trials were averaged. For fast gait
speed, the fastest trial was the result. Gait speed was
measured in m/s and converted into km/h.

Grip strength was measured with the Jamar Hand
Dynamometer (#5030J1, Sammons Preston Rolyan,
USA) (Fess and Moran 1981). Participants squeezed
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the dynamometer with maximum force in a seated
position according to the recommendations of the
American Society of Hand Therapists (Fess and
Moran 1981). Three attempts were performed for
both hands with 1-min rest in between. The test result
was the maximal produced force in either one of the
hands (in kg).

A more detailed description of the tests and the
execution can be found elsewhere (Oppewal
et al. 2014). The feasibility and reliability of these
instruments are good in older adults with ID
(Hilgenkamp et al. 2012a; Hilgenkamp et al. 2013),
and validity and reliability have also been confirmed
in the general population (Singh et al. 1992; Singh
et al. 1994; Steffen et al. 2002; Abellan Van Kan
et al. 2009; Stark et al. 2011; Abizanda et al. 2012).

Physiotherapists, occupational therapists and
physical activity instructors with experience in
working with people with ID conducted the physical
fitness tests. Prior to data collection, all test
instructors received an instruction manual and
training for the execution of the tests. The test
instructors were trained in the standardised
instruction and execution of all the tests, and if a
participant was not able to understand the test
instructions or not able to execute the test according
to the test description, the test was deemed invalid.
All assessors were blinded for the participant’s CVD
status. Participants had the opportunity to practice
each test to make sure they understood the test.

Statistical analysis

Only participants with available medical file
information about their CVD status who participated
in the physical fitness tests were included in the
statistical analysis. Descriptive statistics were used to
describe the participant characteristics, presence of
CVD risk factors and CVD and the physical fitness
levels. Differences in characteristics and physical
fitness levels between participants with CVD and
participants without CVD were analysed with
independent t-tests for continuous variables and
chi-square tests for categorical variables.

After assumptions were checked, multivariable
linear regression models were used to investigate the
association between the physical fitness components
(dependent variables) and the presence of CVD
(independent variable), adjusted for participant

characteristics (age, sex, residential status, level of
ID and Down syndrome). For each of the four
physical fitness components, one multivariable
linear regression model was built. All independent
variables were entered into the multivariable
regression model simultaneously. Multicollinearity
was checked with the variance inflation factor
(which had to be below 10) and tolerance values
(which had to be higher than 0.1) (Field 2013).
Statistical significance was set at P < 0.05. Analyses
were performed using IBM SPSS statistics version
25.0 (IBM Corporation, New York).

Results

Participant characteristics

Of the 2322 invited individuals, 1050 (45.2%)
consented to participate and were included in the
HA-ID cohort. Of the total cohort, 684 participants
(65.1%) had complete data and were included in the
analysis. Reasons for exclusion were the unavailability
of medical file information (n = 151, 14.4%) and
non-participation in the physical fitness tests (n = 233,
22.2%). Reasons for no participation in the physical
fitness tests were not being able to walk and a lack of
understanding of instructions or test execution,
primarily by participants with a profound or severe
level of ID.

Table 1 summarises the characteristics of the
participants with and without a diagnosis of CVD in
their medical file. The mean age of the study sample
was 61.6 years (standard deviation = 8.2), and 51.3%
of the participants were male. Most of the participants
lived in a central setting (54.2%) or in the community
(41.1%) and had a mild (22.1%), moderate (52.8%)
or severe (15.9%) level of ID. Down syndrome was
diagnosed in 14.9% of the participants. Participants
with CVD were significantly older than participants
without CVD (mean difference 8.3 years; P < 0.001)
and had less often Down syndrome (3.8% vs. 16.3%
respectively; P = 0.01).

Cardiovascular disease and cardiovascular disease
risk factors

Seventy-eight participants (11.4%) had at least one
diagnosis of CVD in their medical file at the time of
the physical fitness tests. In the medical files of these
participants, a total of 18 diagnoses of coronary artery
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5

Table 1 Baseline characteristics of the study sample

CVD in medical file
n = 78 (11.4%)

No CVD in medical file
n = 606 (88.6%) P-value

Participant characteristics
Age Mean (SD) 69.1 (9.9) 60.8 (7.4) <0.001

50–59 years n (%) 12 (15.4%) 307 (50.7%)
60–69 years n (%) 30 (38.5%) 204 (33.7%)
70–79 years n (%) 27 (34.6%) 88 (14.5%)
80 + years n (%) 9 (11.5%) 7 (1.2%)

Sex n (%) Male 39 (50%) 312 (51.5%) 0.81
Female 39 (50%) 294 (48.5%)

Residential status n (%) Central setting 42 (53.8%) 329 (54.3%) 0.90
Community based 33 (42.3%) 248 (40.9%)
Independent with
ambulatory support

2 (2.6%) 21 (3.5%)

With relatives 1 (1.3%) 4 (0.7%)
Unknown 0 (0%) 4 (0.7%)

Level of ID n (%) Borderline 3 (3.8%) 17 (2.8%) 0.87
Mild 17 (21.8%) 134 (22.1%)
Moderate 43 (55.1%) 318 (52.5%)
Severe 11 (14.1%) 98 (16.2%)
Profound 2 (2.6%) 30 (5%)
Unknown 2 (2.6%) 9 (1.5%)

Down syndrome n (%) No 71 (91%) 484 (79.9%) 0.01
Yes 3 (3.8%) 99 (16.3%)
Unknown 4 (5.1%) 23 (3.8%)

CVD risk factors
Hypertension n (%) No 25 (32.1%) 307 (50.7%) 0.002

Yes 53 (67.9%) 298 (49.2%)
Unknown 0 (0%) 1 (0.2%)

Hypercholesterolaemia n (%) No 28 (35.9%) 351 (57.9%) <0.001
Yes 29 (37.2%) 102 (16.8%)
Unknown 21 (26.9%) 153 (25.2%)

Diabetes mellitus n (%) No 47 (60.3%) 396 (65.3%) 0.30
Yes 10 (12.8%) 57 (9.4%)
Unknown 21 (26.9%) 153 (25.2%)

BMI in kg/m2 Mean (SD) 28.7 (5.0) 27.3 (5.2) 0.03
Waist circumference in cm Mean (SD) 98.8 (11.4) 94.2 (13.4) 0.005
Waist to hip ratio Mean (SD) 0.9 (0.1) 0.9 (0.1) 0.47
Smoking n (%) No 49 (62.8%) 460 (75.9%) 0.01

Yes 29 (37.2%) 146 (24.1%)
Unknown 0 (0%) 0 (0%)

Use of antipsychotics n (%) No 60 (76.9%) 446 (73.6%) 0.50
Yes 17 (21.8%) 154 (25.4%)
Unknown 1 (1.3%) 6 (1%)

Chronic kidney disease
n (%)

No 33 (42.3%) 341 (56.3%) <0.001
Yes 17 (21.8%) 52 (8.6%)
Unknown 28 (35.9%) 213 (35.1%)

Metabolic syndrome n (%) No 14 (17.9%) 219 (36.1%) 0.001
Yes 34 (43.6%) 184 (30.4%)
Unknown 30 (38.5%) 203 (33.5%)
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disease (2.6%), 26 diagnoses of heart failure (3.8%)
and 42 diagnoses of stroke (6.1%) were found. Four
participants were diagnosed with heart failure and
coronary artery disease, three participants with heart
failure and stroke and one participant with coronary
artery disease and stroke.

Table 1 shows the presence of CVD risk factors of
participants with and without CVD. Compared with
participants without CVD, participants with CVD
smoked significantly more often (37.2% vs. 24.1%,
respectively; P = 0.01), had a significantly higher BMI
(28.7 vs. 27.3 kg/m2, respectively; P = 0.03) and waist
circumference (98.8 vs. 94.2 cm, respectively;
P = 0.005) and significantly more often had
hypertension (67.9% vs. 49.2%, respectively;
P = 0.002), hypercholesterolaemia (37.2% vs. 16.8%,
respectively; P < 0.001), chronic kidney disease
(21.8% vs. 8.6%, respectively; P < 0.001) and
metabolic syndrome (43.6% vs. 30.4%, respectively;
P = 0.001).

Physical fitness and cardiovascular disease

The unadjusted physical fitness scores of the
participants with and without CVD are presented in
Table 2. Participants with CVD had significantly
lower scores on cardiorespiratory fitness (136.9 m vs.
244.1 m, respectively; P = <0.001), comfortable gait
speed (2.8 km/h vs. 3.5 km/h, respectively;
P = <0.001) and fast gait speed (4.7 km/h vs. 6.5 km/
h, respectively; P = 0.002) compared with participants
without CVD. No significant difference was found
between the two groups for the physical fitness
component grip strength (22.7 kg vs. 24.0 kg,
respectively; P = 0.29).

Table 3 presents the results of the multivariable
linear regression models we performed to investigate
the difference in physical fitness levels between older
adults with ID with and without CVD. This table
shows the regression coefficients and associated 95%
confidence interval and P-value for the presence of

6

Table 1. (Continued)

CVD in medical file
n = 78 (11.4%)

No CVD in medical file
n = 606 (88.6%) P-value

C-reactive protein (>10 mg/L) n (%) No 48 (61.5%) 397 (65.5%) 0.68
Yes 8 (10.3%) 56 (9.2%)
Unknown 22 (28.2%) 153 (25.2%)

P-value = P < 0.05 is statistically significant.
BMI, body mass index; cm, centimetre; CVD, cardiovascular disease (coronary artery disease, heart failure or stroke); ID, intellectual disability; kg/m

2
,

kilogram per square metre; n, number of participants; SD, standard deviation.

Table 2 Physical fitness results of the CVD and no CVD group

Physical fitness

CVD in medical file
Mean (SD)
n = 78 (11.4%)

No CVD in medical file
Mean (SD)
n = 606 (88.6%) B (95% CI) P-value

Cardiorespiratory fitness in m† 136.9 (93.3) 244.1 (170.5) �107.2 (�164.5 to �49.9) <0.001
Comfortable gait speed in km/h† 2.8 (1.2) 3.5 (1.2) �0.7 (�1.0 to �0.3) <0.001
Fast gait speed in km/h† 4.7 (2.3) 6.5 (3.1) �1.8 (�3.0 to �0.7) 0.002
Grip strength in kg† 22.7 (10.1) 24.0 (10.0) �1.3 (�3.8 to 1.1) 0.29

P-value = P < 0.05 is statistically significant.
B, beta; CI, confidence interval; CVD, cardiovascular disease (coronary artery disease, heart failure or stroke); kg, kilogram; km/h, kilometres per hour; m,
metre; n, number of participants; SD, standard deviation.
†A higher score represents a better performance.
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CVD in relation to each of the four physical fitness
components. After adjusting for age, sex, residential
status, level of ID and Down syndrome, participants
with CVD scored significantly lower on
cardiorespiratory fitness, comfortable gait speed and
fast gait speed. Participants with CVD walked an
average of 81.4 m less on the cardiorespiratory fitness
test (P = 0.002), walked on average 0.3 km/h slower
during the comfortable gait speed test (P = 0.04) and
walked on average 1.1 km/h slower during the fast gait
speed test (P = 0.04) compared with participants
without CVD. In accordance with the unadjusted
results, no significant differences between both
groups were found for physical fitness component
grip strength (P = 0.89). All participant characteristics
showed a significant relationship with physical fitness
in most of the models. In general, participants who
were younger, who were male, who had borderline or
mild ID, who did not have Down syndrome and who
lived more independently had better physical fitness
levels.

Discussion

In this study, we investigated the difference in
physical fitness levels between older adults with ID
with and without CVD. Participants with CVD had
significantly lower physical fitness levels than those
without CVD for the physical fitness components
cardiorespiratory fitness, comfortable gait speed and
fast gait speed. We found no statistically significant
difference between the two groups for grip strength.

Our study specifically looked at the physical fitness
levels of participants who have CVD compared to
those who have no CVD. Despite the already very low
physical fitness levels of older adults with ID
(Hilgenkamp et al. 2012b), the physical fitness scores
of participants with CVD were even worse.
Participants with CVD scored significantly lower on
most physical fitness tests: They walked fewer metres
on the cardiorespiratory fitness test and had a lower
comfortable and fast gait speed compared with
participants without CVD. Hilgenkamp et al. (2012b)
previously reported very low physical fitness levels in
the HA-ID cohort. The participants (aged 50 years
and over) performed comparable or even worse than
people in the general population who were 20 years
older (Hilgenkamp et al. 2012b). This implicates that
physical fitness might be a target for improvement of

cardiovascular health in older adults with ID and
those with CVD in particular. Oppewal et al. (2020)
hypothesised that even among very unfit people with
ID, small improvements in physical fitness may lead
to major improvements in health (Oppewal
et al. 2020). This may also be the case for
cardiovascular health. Therefore, health promotion
focussing on improving physical fitness and reducing
CVD risk is important. However, existing health
promotion and prevention programmes to reduce
CVD risk are often not fully suited for older adults
with ID and should be adjusted for this population.

From research in the general population, it is
known that several physical fitness components are
predictive for CVD morbidity and mortality, with the
strongest evidence for cardiorespiratory fitness
(Myers et al. 2015; Ozemek et al. 2018; Kaminsky
et al. 2019), gait speed (Fonseca Alves et al. 2017;
Veronese et al. 2018) and grip strength (Wu
et al. 2017; Tikkanen et al. 2018). Our results are in
line with those seen in the general population,
showing that the presence of CVD is associated with
cardiorespiratory fitness and gait speed in older adults
with ID. In general, participants who were younger,
who were male, who had borderline or mild ID, who
did not have Down syndrome and who lived more
independently had better physical fitness levels. We
did not find a relationship between the presence of
CVD and grip strength. This is in line with results of
previous studies of the HA-ID cohort in which we
also found no relationship between grip strength and
other outcome measures known from research in the
general population, such as (instrumental) activities
or daily living (Oppewal et al. 2014; Oppewal
et al. 2015).

In this study, we found a prevalence of coronary
artery disease of 2.6%, a prevalence of heart failure of
3.8% and a prevalence of stroke of 6.1% in older
adults with ID. The overall prevalence of CVD
(coronary artery disease, heart failure or stroke) found
in our cohort was 11.4%. These prevalence rates are
largely in line with results of previous studies in
(older) adults with ID (Jansen et al. 2013; Cooper
et al. 2018), although wide variations in CVD
prevalence rates are reported (Dunkley et al. 2017;
Van Den Bemd et al. 2022). Overall, the prevalence of
CVD we found in older adults with ID seems to fall in
the range of the prevalence in the general Dutch
population (Nederlandse Hart Registratie and
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Hartstichting 2022), which is in agreement with
findings from previous studies (Jansen et al. 2013; De
Winter et al. 2016). However, at the same time, the
literature describes a higher prevalence of several
CVD risk factors in adults with ID (De Winter
et al. 2012b; Flygare Wallén et al. 2018). This
discrepancy in prevalence rates suggests that CVD
may be underdiagnosed in this group. This is also
supported by previous research on peripheral arterial
disease (PAD), which showed a higher prevalence of
PAD in older adults with ID compared with the
general population (17.4% vs. 8.1%, respectively) and
a high degree of underdiagnosis in older adults with
ID (97% of the participants with PAD had not been
previously diagnosed with this condition) (De Winter
et al. 2013). This may be explained by the fact that
diagnostics in people with ID are more challenging
because of atypical presentation of symptoms,
limitations in articulating health problems and limited
cooperation and resilience during physical
examination (Lennox et al. 1997; Van Eeghen
et al. 2019). Referral policies for this vulnerable group
are made with the greatest possible care and in
consultation with physicians, representatives,
healthcare staff and others involved, which can
sometimes lead to, for example, the choice to refrain
from further diagnosis in the interest of the
individual’s quality of life (Wagemans 2013). As a
result, the actual prevalence of CVD in people with
ID might be higher than reported in our study and in
previous publications (Jansen et al. 2013; De Winter
et al. 2016).

Strengths of this study are the extensive physical
fitness tests at baseline and the large sample size. To
our knowledge, this is the first study that investigated
the cross-sectional associations between the presence
of CVD and various physical fitness components in
older adults with ID. However, some limitations of
this study should be noted. The HA-ID cohort
consists of adults who receive any form of registered
formal ID care or support. The HA-ID cohort is
near-representative for this population (Hilgenkamp
et al. 2011), but our results are not generalisable for all
adults with ID because we did not include adults
without formal ID care. In addition, dropout during
the physical fitness tests resulted in
under-representation of people who were not able to
walk, or had severe or profound ID, and an
over-representation of adults of 50–59 years, who

walked independently and who had borderline or
mild ID (Hilgenkamp et al. 2012b). When
interpreting the findings of this study, it is important
to take these points into account. It should also be
noted that due to a lack of statistical power we had to
use the physical fitness components as dependent
variables in the multivariable linear regression models
instead of the presence of CVD. For this reason, we
were unable to adjust for CVD risk factors in the
multivariable analysis. Also, it is important to point
out that the CVD status of the participants was only
based on medical file research. For this reason, we
must acknowledge that we cannot rule out
underdiagnosis of CVD in our study. Finally, due to
the cross-sectional data collection, it is not possible to
make statements about causality based on the results
of this study. It is possible that people with lower
physical fitness levels are more likely to get CVD, but
it could also be that people with CVD are less
physically fit because of their condition. For this
reason, this study should be seen as a first exploration
of the relationship between physical fitness and CVD
in older adults with ID.

Based on the findings in this study, our
recommendations for future research are the
following. First, in addition to the participant
characteristics in this study, other (population-
specific) factors may influence both physical fitness
and cardiovascular health in older adults with ID.
Therefore, it would be interesting to include
additional factors, such as other genetic syndromes,
medication use, specific physical and psychiatric
co-morbidities andCVD risk factors, in the analyses of
future research. Second, to overcome possible
underdiagnosis of CVD in future research, it would be
of great value to use more objective measures for
diagnosing CVD in people with intellectual
disabilities, for example, by using electrocardiogram
or cardiac ultrasound measurements. Finally, we
assessed the association between physical fitness and
CVD at a single time point. Longitudinal follow-up
research will provide a deeper understanding of the
course of physical fitness and CVD over time and
allows to make causality statements about the impact
of physical fitness on developing CVD in older adults
with ID. This knowledge is needed to get insight into
the dose–response relationship between changes in
physical fitness and the resulting decrease or increase
in risk for developing CVD in older adults with ID.
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Some studies show that exercise interventions increase
physical fitness and decrease CVD risk factors in
people with ID (Boer et al. 2014; Boer andMoss 2016;
Bouzas et al. 2019). However, the available evidence is
still limited, which impairs the provision of clear
training prescriptions (Oppewal et al. 2020). For this
reason, we strongly recommend longitudinal and
intervention research into this topic. We are currently
working on the 10-year follow-up of the HA-ID cohort
(De Leeuw et al. 2022), which will allow us to explore
such longitudinal questions in the future.

In conclusion, this study shows that older adults
with ID who have CVD had significantly lower
physical fitness levels (cardiorespiratory fitness,
comfortable gait speed and fast gait speed) than those
without CVD. Grip strength was not significantly
associated with the presence of CVD. Longitudinal
follow-up research in adults with ID is needed to
study the relationship between physical fitness and
CVD over time to make statements about the
direction of the relationship and causality. It will also
help to gain more insight into what extent physical
fitness is an important target area for prevention and
interventions to improve cardiovascular health of
adults with ID.
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