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Down Syndrome (DS) shows an increased risk of chronic diseases, associated to higher morbidity =~ Down sindrome,

and mortality for cardiovascular disease. Some studies have shown a worse lipid profile in children  Child,

with DS, however, until now there is no recommendation for screening for dyslipidemia in these Adolescent

subjects. Objective: To describe the frequency of dyslipidemia in a population of Chilean children

and adolescents with DS. Patients and Method: Retrospective study, including patients with DS,

aged 2 to 18 years, who participated in a special health care program for people with DS in Health

Net UC CHRISTUS, between 2007 and 2015. Patients who had a lipid profile between their routine

laboratory tests were included. Clinical characteristics, relevant comorbidities, malformations, medi-

cations, nutritional status and pubertal development were obtained from medical records. Diagnosis

of dyslipidemia was considered according to the criteria of the NHLBI 2011. Results: The medical re-

cords of 218 children with DS were revised, 58,3% had some type of dyslipidemia. The most frequent

single dyslipidemias were low HDL Chol (15,1%) and hypertriglyceridemia (12,8%). Atherogenic

dyslipidemia (low HDL plus hypertriglyceridemia) was the most frequent combined dyslipidemia

(13,3%). The occurrence of atherogenic dyslipidemia was not associated with overnutrition and obe-

sity. Conclusions: A high frequency of dyslipidemia was found in Chilean children and adolescents

with DS. Our results make us suggest that lipid profile should be performed early in all patients with

DS, independent of the presence of risk factors for dyslipidemia.
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Introduction

Down syndrome (DS) is the most frequent viable
chromosomopathy worldwide, with a reported preva-
lence between 1 in 691 live births in the United States'
to 1 in 400 live births in Chile?.

People with DS have an increased risk of chronic
diseases, such as overweight, obesity and dyslipide-
mias, which confer an increased risk of cardiovascular
disease (CVD). While some authors have reported a
low incidence of atherosclerotic lesions in adults with
DS, possibly reducing the risk of coronary events’,
other reports show that these patients have an appro-
ximately four times higher risk of death by ischemic
heart disease and stroke in adulthood than the general
population®.

Due to advances in prevention, diagnosis and ma-
nagement of chronic diseases, people with DS have a
longer life expectancy, increasing survival from 9 years
in the first reports® to over 60 years nowadays®. The
above-mentioned advances and the exposure to new
environmental factors mean that the actual cardiovas-
cular risk of these patients is currently unknown.

An assertive diagnosis of dyslipidemias allows
an early treatment, which mainly consists of lifestyle
changes, including modifying dietary and exercise ha-
bits. In case of non-response to this first stage, drug
therapy should be considered”®.

Nowadays, there are few studies that describe the
lipid profile of population with DS, most of them are
case-control studies with small sample size, and many
of them in adults®'’. Studies conducted in pediatric po-
pulation show higher rates of dyslipidemia in children
with DS compared with the general pediatric popula-
tion'!, suggesting that this condition would be inde-
pendent from nutritional status'?.

Previous reports on lipid profile among patients
with DS show variable results, being high levels of tri-
glycerides (TG) and low levels of high-density choleste-
rol particles (HDL-C) the most frequent findings®'"*.
However, to date, there is no proper description of li-
pid profile in children with DS, and if this contributes
to a higher risk of CVD is still controversial.

The objective of this study is to determine the fre-
quency of dyslipidemias and to describe the lipid pro-
file in a Chilean population of children and adolescents
with DS at risk of dyslipidemia.

Patients and Method

Study design

Cross-sectional study including patients with DS
between the ages of 2 and 18 years, who participated
in a special care program for people with DS in UC
CHRISTUS Health Network, between 2007 and 2015.
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Study subjects

Patients with DS who had a lipid profile (LP)
among their routine laboratory tests. The decision of
measuring LP was made by their physician, based on
the presence of known risk factors of dyslipidemia,
such as dyslipidemia family history, overweight or hy-
pothyroidism (all the tests were routinely performed
on an empty stomach).

The worst LP available on the patient’s clinical
record was selected. First, considering the number of
plasma lipids out of range, and second, the magnitude
of the deviation from the normal range.

Two researchers reviewed the clinical records and
collected the relevant information at the moment of
measuring LP. The following characteristics were re-
gistered: epidemiological characteristics (age, gender),
family history of dyslipidemia and early CVD (repor-
ted by parents), relevant comorbidities (hypothyroi-
dism, diabetes mellitus, celiac disease) malformations
(hemodynamically significant congenital heart defects
and gastrointestinal malformations), medication rela-
ted to dyslipidemias development (e.g. risperidone and
chemotherapy), nutritional status and puberal develo-
pment.

Definitions

The diagnosis of dyslipidemias was made according
to National Heart Lung and Blood Institute (NHLBI)
criteria': Total Cholesterol (TC) > 200 mg/dl, Non
High Density Lipoprotein Cholesterol (Non-HDL-
Chol) > 145 mg/dl, Low-Density Lipoprotein Choles-
terol (LDL Chol) > 130 mg/dl, High-Density Lipopro-
tein Cholesterol (HDL Chol) <40 mg/dl, Triglycerides
(TG) 2 100 mg/dl (2-9 years) and > 130 mg/dl (10-18
years).

Dyslipidemias were classified as a) Single Dyslipi-
demia, when only one of the five lipids of the pro-
file was abnormal, b) Combined Dyslipidemia: bl)
Atherogenic Dyslipidemia (AD) when high TG and
low HDL Chol were found, with TC and LDL Chol
in normal range; b2) Mixed Dyslipidemia when TC
and/or LDL Chol were high, with high TG and nor-
mal HDL Chol®.

Nutritional diagnosis criteria are summarized in
Table 1'*". The diagnosis of short stature was consi-
dered for all ages, as Height/Age growth chart < p3,
according to the growth charts for DSY.

Dyslipidemia family history was considered as any
dyslipidemia in parents or siblings, and early CVD
was considered as the presence of acute myocardial
infarction, treated angina, coronary heart disease in-
terventions, stroke or sudden heart disease in father or
brother before 55 years of age, or in mother or sister
before 65 years of age.
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Table 1. Nutritional diagnosis criteria
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Age (years) 2-5 6-18

Measurement parameter WHI* for DS growth charts' BMI™ /age for WHO growth charts'?
Underweight < 85% <-25D

Risk of underweight 85-90% -2 to-1SD

Normal weight 90-110% -1to+1SD

Overweight 110-120% +1to +2 SD

Obesity > 120% >+2 SD

WHI: Weight for Height Index; DS: Down Syndrome; BMI: Body Mass Index; WHO: World Health Organization; SD: Standard

Deviation. *WHI =

as p50 for height. 'lBMI = Body Mass Index.

Ethical aspects

This study was approved by the Research Ethics
Committee of the School of Medicine, Pontificia Uni-
versidad Catolica de Chile (registration code # 14-064).
Due to the retrospective nature of the study, a waiver
of consent was approved.

Statistical analysis

The categorical variables were described in terms
of number and percentage, and numeric variables in
terms of median and range. For AD, the crude asso-
ciation (non-dyslipidemia vs. AD) was analyzed with
the following variables: gender (male vs. female), age
(median and range), hypothyroidism (yes vs. no),
dyslipidemia family history (yes vs. no) and nutritio-
nal diagnostic (normal weight or undernutrition vs.
overweight or obesity) using Fisher’s exact test. Calcu-
lations were performed with SPSS 22.0 software. All p-
values < 0.05 were considered statistically significant.

Results

Clinical records of 218 children and adolescents
with DS were examined. Clinical characteristics of the
study group are detailed in Table 2. 58% of patients
(N = 127) had at least one plasma lipid out of range.
The frequency of each dyslipidemia is described in Fi-
gure 1. The most frequently found dyslipidemia was
low HDL Chol (15.1%), followed by AD (13.3%). Ta-
ble 3 shows the values of each plasma lipid (median
and range) in the group with dyslipidemia.

Among the patients with dyslipidemia, only 49%
(N = 62) had one plasma lipid out of range (single dys-
lipidemia), 26% had two, 13% had three, 9% had four,
and 3% of the study population had all five plasma li-
pids out of range. Within the group of patients with
combined dyslipidemia, the most frequent combina-
tion was low HDL Chol and high TG. Table 4 details
the frequency of single and combined dyslipidemia.

Weight for Height Index (%) calculated as (Real weight x 100)/Expected weight; Expected weight considered

Table 2. Descriptive characteristics of the studied population

Variables n (%)
N 218
Age in years: Median (range) 4.5 (2-18.3)
Boys 115 (52.8)
Pubertal development” 19 (8.8)
Nutritional diagnosis

Normal weight 152 (74.5)

Overweight and obesity 43 (21 1)

Underweight 9 (4.4)
Family history of risk (16 3)
Hypothyroidism 156 (71.6)
Congenital heart disease* 1(27.9)
Gastrointestinal malformations 16 (7.3)
Type 1 Diabetes Mellitus 2 (0.9
Celiac Disease 4 (1.8)
Relevant medications® 11 (5.0)

“Pubertal development: Tanner > 2. 'Family history of dyslipidemia
or premature CVD (ie, heart attack, treated angina, interventions for
coronary artery disease, stroke, or sudden cardiac disease in a male
parent or sibling before 55 years of age, or a female parent or sibling
before 65 years of age). *Congenital heart diseases that required

surgery. SRelevant medications: Chemotherapy and Risperidone.

The group of AD patients was compared with the
group without dyslipidemia, analyzing by age, gender,
nutritional status, hypothyroidism, dyslipidemia fa-
mily history and early CVD. When assessing by age,
patients with AD were younger than healthy patients
(3.91 years vs. 5.08 years, p-value = 0.006). No gender
differences were observed.

In patients with hypothyroidism, there was a
trend towards a higher frequency of AD compared
to patients without hypothyroidism, although this
difference was not statistically significant (28.6% vs.
13.9%, p = 0.105). When analyzing by family history,
no significant differences were observed. In relation to
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Figure 1. Frequency of each type of dyslipidemia. The most frequent type of
dyslipidemia was low HDL Cholesterol, followed by hypertriglyceridemia. TC:
Total Cholesterol; LDL Chol: Low Density Lipoprotein Cholesterol; HDL Chol:

High Density Lipoprotein Cholesterol; TG: Triglycerides.
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Table 3. Value of serum lipids in the dyslipidemia

group
Dyslipidemia Median Range
(mgr/dL) (mg/dL)
High TC 215.5 200-275
High LDL Chol 138 130-209
Low HDL Chol 35 16-39
High Non HDL Chol 156.5 145-238.6
High TG 126 100-253

TC: Total Cholesterol; LDL Chol: Low Density Lipoprotein
Cholesterol; HDL Chol: High Density Lipoprotein Choleste-
rol; TG: Triglycerides.

Table 4. Frequency of single and combined

dyslipidemias
Dyslipidemia Frequency
n (%)
Single Dyslipidemias
High TC 1 (0.5)
High LDL 0 (0)
Low HDL 33 (15.1)
High Non HDL 0 (0)
High TG 28 (12.8)
Combined Dyslipidemias
Atherogenic 29(13.3)
Mixed 6 (2.8)
Total 97 (44.5)

TC: Total Cholesterol; LDL Chol: Low Density Lipoprotein
Cholesterol; HDL Chol: High Density Lipoprotein Choleste-
rol; TG: Triglycerides.
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nutritional status, the group with overweight and obe-
sity did not have a trend towards a higher frequency
of AD.

Discussion

A high frequency of dyslipidemia, near to 60%,
was found in our study group. This frequency is much
higher than the reported in general pediatric popula-
tion, which varies between 15 and 30%''¥2°, In the
single and combined dyslipidemias analysis, our re-
sults showed similar trends to previous reports™'®! in
which low HDL Chol, high TG, and AD were the most
frequent types of dyslipidemia.

Regarding to the clinic characteristics of our stu-
dy group, there were higher rates of hypothyroidism
(76.1%) than previous reports with rates between 17
and 35% in children with DS**. This finding could be
explained by the fact that our study group was selected
among patients with dyslipidemia risk factors. It is re-
markable in our study that the presence of each type of
dyslipidemia was not related to nutritional status, re-
sembling the results obtained by Adelekan et al., whe-
re children with DS had a less favorable LP than their
siblings regardless of nutritional status'’. As a matter
of fact, in our study, the frequency of overweight and
obesity is relatively low (21.1%), probably due to a
strict medical follow-up. On the other hand, it could
be proposed that dyslipidemias are related to some ge-
netic factor which influences cholesterol metabolism,
rather than healthy habits such as diet and exercise.

We decided to use single or combined dyslipide-
mias classification, due to its well described clinical
characteristics. Pure hypertriglyceridemia is often re-
lated to obesity, high visceral adiposity, insulin resis-
tance and other metabolic complications®, which are
common in people with DS™.

Moreover, low HDL Chol is usually due to central
obesity and it is related to physical inactivity and diets
low in monounsaturated fats. In some cases, although
uncommon, it is related to familiar patterns>®. It
would be interesting to have more information about
the dietary habits of our study group, although medical
recommendations generally include a healthy diet.

The high frequency of hypertriglyceridemia and
low HDL Chol findings are concerning, due to their
association with metabolic syndrome***” and CVD?.
In addition, AD in childhood is predictive of accelera-
ted atherosclerosis and early cardiovascular events in
adulthood’.

The American Academy of Pediatrics, in agreement
with the panel of experts of NHLBI (14), recommends
the dyslipidemias universal screening, with a first LP
performed in prepubertal stage (9-11 years) and a se-
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cond LP between 17-21 years. However, this approach
is still controversial, since multiple entities®**-*! recom-
mend to carry out a selective screening only in high-
risk groups.

It is remarkable that the condition of DS has not
been considered as an independent risk factor of
CVD*. Furthermore, to this date, clinical guidelines
for health supervision in DS**** do not include scree-
ning for dyslipidemias among their recommendations.
For this reason, it is important to carry out new studies
controlled by comorbidities and risk factors, in order
to evaluate the performance of screening for dyslipide-
mias in this population and to consider possible pre-
ventive treatments for CVD.

Our results are similar to those previously repor-
ted. First, among the strengths of our study, to our
knowledge, this is the largest cohort (n = 218) that eva-
luates this issue. Secondly, it reports the lipid profile
of an exclusively pediatric population with DS, while
previous studies are mainly focused on adults. Thirdly,
the use of NHLBI’s dyslipidemia definitions allows a
proper comparison of our results with previous publi-
cations. Additionally, the dyslipidemia classification,
such as single or combined, allows to analyze the direct
clinical implications of each one.

On the other hand, there are some limitations.
First, the retrospective nature of the analysis confers
a higher risk of selection bias. The fact that our study
group was selected from patients with risk factors of
dyslipidemia, from a single health center, does not ne-
cessarily validate the results for the general population
with DS. However, due to the high prevalence of DS in
our health center, and to the fact that UC CHRISTUS
Health Network is a reference center in our country,
we consider that our sample is acceptable. Neverthe-
less, new prospective studies are needed to confirm
these results.

Our findings suggest that DS itself confers a higher
risk of dyslipidemias, independently from the presence
of comorbidities typically related to an abnormal LP,
such as overweight, obesity, and hypothyroidism. It
could be expected that this is related to a genetic cause,
a special form of lipid metabolism'"* or other related
conditions to DS which have not been studied so far.

Although the studied population corresponds to
a biased sample, the high frequency of dyslipidemia,
compared to general pediatric population and the de-
velopment of dyslipidemia at early ages, suggest the
need for early clinical awareness in this group.

This study provides insights for new research lines
in this population, such as the exploration of dyslipide-
mias in all patients with this genetic condition. In addi-
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tion, long-term surveillance of these patients would be
essential to assess the frequency of dyslipidemia inde-
pendent from the presence of associated risk factors,
and to correlate dyslipidemia and CVD, in order to cla-
rify the risk of coronary heart disease in adults with DS.
On the other hand, prospective studies would allow the
development of general screening recommendations
and interventions for this group.

In conclusion, our study suggests that dyslipide-
mia screening should be performed early in all patients
with DS, and that the condition of DS should be con-
sidered as an independent risk factor of developing
dyslipidemia.
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