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Abstract: Down Syndrome (DS) has a significant impact on the development of many tissues, most notably in the heart 
and in the brain. According to the clinical need to better investigate these aspects, the main aim of this study was to 
make an overview on the cardiac features in adult individuals with DS. 

The following data of 37 individuals with DS (range: 18-60 years) were collected and analysed: age, gender, height, 
weight, waist to height ratio (WHER), smoking history and cardiac parameters (heart rate and blood pressure), blood 
glucose level or glycaemia, cholesterol (total, high-density lipoprotein – HDL - and low-density lipoprotein - LDL - 
cholesterol) and triglycerides. In addition, their gait pattern were quantified with 3D Gait Analysis.  

BMI, WHER and cholesterol HDL results were above the upper limits of the recommended range in people with DS; on 
the contrary, blood pressure, heart rate, glycaemia, cholesterol-LDL and triglycerides were within the recommended 
range. Comparing males and females in the DS group, the females showed statistically different values for cholesterol-
total, and triglycerides values, with lower values in comparison to males. In motor performance, people with DS 
presented abnormal gait patterns. Some significant correlations were found: age with LDL, WHER with weight and BMI, 
systolic with diastolic blood pressure, total cholesterol with LDL and triglycerides. 

Our results showed that adults with DS suffer from a high prevalence of physical disorders, including overweight and 
obesity, and abnormal cholesterol values, together with abnormal gait pattern. 
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INTRODUCTION 

Down syndrome (DS) is caused by trisomy of the 
human chromosome 21 (Hsa21). Approximately 0.45% 
of human conceptions are trisomic for Hsa21 [1]. The 
incidence of trisomy is influenced by maternal age and 
differs among populations (between 1 in 319 and 1 in 
1000 live births are trisomic for Hsa21) [2-4]. 
Trisomicfetuses are at an elevated risk of miscarriage, 
and people with DS have an increased risk of 
developing several medical conditions [5]. Recent 
advances in medical treatment and social inclusion 
have significantly increased the life expectancy of 
people with DS: in economically developed countries, 
the average life span of people who are trisomic for 
Hsa21 is now greater than 55 years [6]. 

Trisomy of Hsa21 is associated with a number of 
features, occurring in all individuals, including mild-to-
moderate learning disability, craniofacial abnormalities, 
hypotonia and movement disorders in early infancy [7]. 
Although these phenotypes are always found in people 
with DS, the degree to which an individual is affected 
varies. Additionally, trisomy of Hsa21 is also associated 
with variant phenotypes that affect individuals with DS  
 

 

*Address correspondence to this author at the Dipartimento di Elettronica, 
Informazione e Bioingegneria, Politecnico di Milano, P.zza Leonardo da Vinci 
32, 20133 Milano, Italy; Tel: +39 02 23993359;  
E-mail: veronica.cimolin@polimi.it 

in different percentages, including atrioventricular 
septal defects (AVSDs) in the heart, acute 
megakaryoblastic leukaemia (AMKL) and a decrease in 
the incidence of some solid tumours. In addition, there 
are a number of medical problems associated with the 
syndrome, including obesity, muscular hypotonia, 
ligament laxity and orthopaedic problems, which are 
responsible for postural and gait alterations widely 
documented by the literature [8-20]. We hypothesize 
that these motor problems may be connected to the 
high fat percentage, together with other features 
common in individuals with DS, such as muscle 
hypotonia and ligament laxity. A recent study quantified 
in fact the differences during gait between obese 
individuals with DS and non obese individuals with DS 
[21]. The results of this study demonstrated that obesity 
in individuals with DS has quite impact on the gait 
strategy, and the main differences between obese and 
non obese individuals with DS are present particular at 
distal level (ankle joint) [21]. Trisomy of Hsa21 has then 
a significant impact on the development of many 
tissues, most notably in the heart and in the brain. 
Focusing attention on heart, trisomy of Hsa21 is 
associated with a number of congenital heart defects, 
the most common being AVSD that occurs in ∼20% of 
the people with DS [22] In addition, people with DS 
have been reported to have a reduced incidence of 
hypertension [23, 24]. 
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From the literature, the association between the 
presence of congenital heart defects in people with DS 
is well known, but less is described about acquired 
cardiac risk factors. Prasher [25] assessed 201 adults 
with DS to ascertain the prevalence of medical 
problems. As concerns cardiac parameters, they found 
a low heart rate and low blood pressure recordings. 
However, to our knowledge no other more recent 
researches were conducted on this topic. 

According to these considerations and to the clinical 
need to better investigate the aspects related to cardiac 
risk factors, the main aim of this study was twofold: 
first, to provide an overview of the cardiac features in a 
group of adult individuals with DS, then to search for a 
possible correlation between cardiac parameters, 
presence of obesity and gait alterations. 

In this way, we aim to improve the knowledge about 
this area; in this wake of evidence, appropriate and 
effective intervention could be tailored to the unveiled 
specific features. 

MATERIALS AND METHODS  

The studied group consisted of 37 individuals with 
DS (mean age: 36.1+7.3 years) admitted to the IRCCS 
San Raffaele Pisana, TosinvestSanità, Roma (Italy) for 
a multidisciplinary rehabilitation program. Patients were 
included in the study after a complete medical 
evaluation according to the following exclusion criteria: 
congenital or acquired cardiac pathologies, respiratory, 
haematological, metabolic and infectious diseases, 
presence of motor disorders. 

The study was in accordance with the Helsinki 
Declaration of 1975. All participants were volunteers 
and written informed consent was obtained by all of 
them. Data from each individual included age, gender, 
height, weight, waist to height ratio (WHER), smoking 
history and cardiac parameters. For cardiac 
parameters, heart rate and blood pressure, glycaemia, 
cholesterol (total, high-density lipoprotein – HDL - and 
low-density lipoprotein – LDL- cholesterol) and 
triglycerides were collected. These parameters are 
included in the annual screening performed in the 
Institute on adult patients with Down Syndrome. 

In addition, gait performance was instrumentally 
evaluated with 3D gait analysis, using an optoelectronic 
system with passive markers (BTS, Italy) and 2 TV 
camera synchronized Video system (BTS, Italy) for 
video recording. The overall gait deviation of each 
participant was quantified as a gait profile score (GPS) 

[26]. The GPS was selected, as it is the most 
compound and neutral score in respect of the 
contributing parameter [27]. The GPS represents the 
difference between the individual’s data and the 
average from the reference dataset; the higher the 
GPS value is, the less physiological gait pattern is.  

All parameters were computed for each participant 
and the mean and standard deviation values of all 
indexes were calculated the group with DS. As the 
parameters were normally distributed, we used the t-
test independent by groups to compare males and 
females within DS and the Pearson coefficient (r) to 
examine the relationship between clinical, cardiac and 
gait parameters of the entire group with DS. Statistical 
significance was set at p< 0.05. 

RESULTS 

All the participants were able to complete clinical, 
cardiac and movement analysis evaluations. None 
smoked and none had had previous cardiac symptoms; 
all the individuals lived in the community. Most of 
individuals were co-operative during the examination. 

In Table 1 all evaluation of all parameters 
considered for participants with DS are reported with 
reference values for normal individuals. 

BMI, WHER and cholesterol HDL values were 
higher than the recommended range in the people with 
DS; on the contrary, blood pressure (systolic and 
diastolic), heart rate, glycaemia, cholesterol-LDL and 
triglycerides were within normal levels, although heart 
rate was skewed towards the lower end of the normal 
distribution. Comparing males and females in the DS 
group, the females showed different values from a 
statistical point of view for cholesterol-total (males 
showed higher values than females and recommended 
values, while females were within normal range) and 
triglycerides values for both males and females were 
inside normality, although females had lower values in 
comparison to males. In terms of cholesterol-LDL, no 
statistical differences existed between males and 
females but in males, the values were skewed towards 
the higher end of the normal distribution. In motor 
performance, people with DS presented abnormal gait 
patterns as demonstrated by GPS values being higher 
than reference values. No other statistical differences 
were found. 

The following significant correlations (p< 0.05) were 
found: 
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- Age with LDL (r= 0.61) 

- WHER with weight (r= 0.73) and BMI (r= 0.85) 

- Systolic with diastolic blood pressure (r= 0.52) 

- Total cholesterol with LDL (r= 0.59) and triglycerides 
(r=.076) (Figure 1) 

DISCUSSION 

The health of people with DS has, until recently, 
been of low priority, although adults with Down 

syndrome are living longer than previously and 
individuals surviving into their sixth or seventh decade 
of life are now encountered [28]. With increased 
longevity, such individuals are susceptible to different 
medical and psychiatric disorders, including visual 
impairment [29], hearing loss [30], thyroid dysfunction 
[31], dementia [28] and depression [32]. Consequently, 
there is a need for regular health assessments of 
adults with DS. 

The aim of this research was first to describe the 
cardiac features in a group of adult persons with DS. 
Congenital heart defects are well documented in 

Table 1: Mean and Standard Deviation Values of Clinical, Cardiac and Gait Pattern Parameters for Males and Females 
of Group with DS. Reference Values were Reported for each Parameter. *= p< 0.05, Males vs. Females 

Group with DS 
Parameters 

Males Females 
Reference values [26, 34, 35] 

Age (years) 37.30 (6.47) 34.53 (8.20) --- 

BMI (Kg/m2) 27.26 (4.37) 28.72 (4.31) < 25 

WHER 0.61 (0.07) 0.63 (0.08) < 0.49 

Heart rate (beats/minute) 61.40 (11.46) 62.00 (10.33) 60-90 

Systolic blood pressure (mmHg) 103.13 (11.09) 102.67 (8.21) < 140 

Diastolic blood pressure (mmHg) 67.38 (5.68) 66.33 (7.19) < 90 

Glycaemia (mg/dl) 85.38 (7.05) 85.88 (13.47) 70-100 

Cholesterol-Total (mg/dl) 221.75 (34.69)* 184.63 (26.99) < 200 

Cholesterol-HDL (mg/dl) 47.13 (6.66) 56.63 (12.30) > 36 

Cholesterol-LDL (mg/dl) 131.72 (40.23) 98.20 (63.27) 50-130 

Triglycerides(mg/dl) 151.63 (59.29)* 79.25 (24.32) 15-200 

Gait Profile Score (degrees) 9.96 (2.07) 10.93 (4.20) < 6  

 

 
Figure 1: Correlation between Cholesterol Total and Triglycerides values (r= -0.76, p< 0.05). 
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literature, but little evidence is reported about acquired 
cardiac factors. To our knowledge, in fact, only one 
dated paper [25] assessed adults with DS from this 
point of view. No other recent studies were conducted 
on this topic of interest. Then, we aimed to search for a 
possible correlation between cardiac parameters, 
presence of obesity and gait alterations. 

In the present study, 78% (29/37 participants) of the 
examined individuals were found to be overweight or 
obese (BMI >24). Obesity appears to be particularly 
associated with people with DS, although other 
disorders are of a similar magnitude to those found in 
all people with learning disabilities as a whole. Our 
results for systolic and diastolic blood pressure were 
similar to literature [25]. Prasher [25] found the mean 
systolic reading for the sample population measured 
was 115 mmHg and a mean diastolic reading of 75 
mmHg with no sex difference. They found a significant 
positive correlation between increased age and 
increase in systolic and diastolic blood pressure 
readings, results not found with our data, probably due 
to the restricted sample we analysed. We did not find 
any diastolic readings over 90 mmHg or systolic 
readings over 150 mmHg, findings comparable to 
Prasher [25].  

Heart rates were skewed towards the lower end of 
control values. The mean resting heart rate for the 
general population is 72 beats/min (range 60-90). Our 
findings suggest that adults with DS have lower resting 
heart rates than controls [25]. Data for glycaemia and 
triglycerides were close to reference values. 
Cholesterol-LDL and total cholesterol were higher in 
males than females, with cholesterol-LDL skewed 
towards the higher end of the normal distribution and -
total values out of reference range. No evidence is 
present in the literature about these parameters; so, 
comparison with previous data is not possible.  

We analysed gait pattern in participants with DS 
using a summary measure, the GPS, obtained by 
quantitative analysis of walking (Gait Analysis). 
Individuals with DS presented abnormal gait patterns, 
as the value of the GPS was higher than the reference 
value, confirming reports in the literature [12, 14, 33]. 
No significant correlations were found between GPS 
and BMI, WHER and cardiac parameters. The lack of 
correlations between functional limitations during gait 
analysis, quantified by GPS, BMI and WHER, 
correlated with the presence or absence of obesity, 
showed that obesity did not strong influence the gait 
pattern in participants with DS. The gait alterations 

found in individuals with DS seem to be associated 
more with the specific syndrome and less with the 
presence/absence of obesity. A recent study quantified 
the differences during gait between obese individuals 
with DS and non obese individuals with DS [21]. The 
results of this study showed that obesity in individuals 
with DS has an influence on the gait strategy: obese 
patients with DS showed higher duration of stance 
phase and abnormalities at ankle joint (reduced ankle 
dorsiflexion ability in swing phase and limited ankle 
joint stiffness) [21]. Our results seem to be in contrast 
with literature. It is important to underline that in the 
present research the gait pattern was quantified using 
a summary parameter, the GPS, which is a single 
index outcome measure that summarises the overall 
quality of the patient’s kinematics [26], including all the 
lower limb joints. It could be the reason of the absence 
of significant association between BMI and gait pattern 
found in the present research. 

As demonstrated by this study and from previous 
research, adults with DS suffer from a high prevalence 
of physical disorders. From a clinical point of view, 
significant physical disorders include overweight, 
obesity and abnormal cholesterol values. As individuals 
with DS may not be able to communicate pain or 
discomfort associated with a given illness, ill health 
may be masked, resulting in missed or misdiagnosis of 
psychiatric and physical illness. Complications may 
follow, potentially, proving to be fatal. 

In order to ensure, therefore, that appropriate 
healthcare is provided to adults with DS, health 
services must be aware of the diagnosis, treatment and 
management of such medical disorders, occurring in 
this population. An active ongoing screening 
programme must be implemented. Individuals 
themselves, their parents and caregivers need to be 
educated about the health difficulties and disorders 
needing to be monitored.  

With the improved life expectancy of people with 
DS, older individuals are more vulnerable to physical, 
sensory and psychiatric morbidity. The development of 
a high quality comprehensive health monitoring service 
is essential to ensure a good quality of life. 

This study has several limitations. First, the 
research was conducted in a small sample across a 
large age span. These elements surely influence 
statistical power. In addition, it would be useful to divide 
the participants in subgroups according for example to 
the age, as cardiac features vary significantly with age; 
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in this research, it was not possible because a limited 
number of subjects would have been included in each 
subgroups, further reducing the statistical power. 
However, to our knowledge no recent studies were 
conducted on this topic and in particular on the 
research for a possible correlation between cardiac 
parameters, obesity and gait alterations. Further 
researches should be conducted with a larger sample, 
to have the possibility to create subgroups according to 
age, and considering control group of age-matched. 
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