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ABSTRACT 
Introduction. Down syndrome is the most common chromosomal disorder, with a worldwide frequency of 1 case 
in 700 live births. 
Objectives. Starting from the hypothesis that with the increased life expectancy of the patients with Down syn-
drome, new phenotypic changes and new dysfunctions are expected to appear, we proposed a longitudinal study 
to analyze their evolution over a long period of time. 
Material and method. This is a longitudinal study, based on retrospective research and descriptive evaluation, 
performed on a group of 81 patients from the case series of the Bihor Regional Center for Medical Genetics from 
Oradea. 
Results. We have identified 4 types of evolutionary trends of the clinical signs: stationary, involutive, progressive 
and with late onset. 
Conclusions. Knowledge of the natural evolution of the signs and symptoms of the disease is indispensable in the 
long-term monitoring of patients with Down syndrome. The birth of a child with Down syndrome is a real drama for 
the family with a strong emotional impact that can be prevented or mitigated by facilitating prenatal diagnosis, psy-
chological counselling, social support and specialized genetic advice.
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INTRODUCTION

Down syndrome is the most common chromo-
somal disorder, with a worldwide frequency of 1 case 
in 700 live births [1]. It is a multi-systemic disease, 
manifested from birth and has a major impact on the 
patient’s development but also on his family. The life 
expectancy of a person with Down syndrome is now 
60 years, but in 1983 the average life expectancy was 
only 25 years. This significant gap is largely due to 
the elimination of harmful practices of institutionali-
zation of people with Down syndrome, as well as to 
the advances in health care, especially in cardiac sur-
gery [2]. As life expectancy increases, new challeng-
es arise [3,4] for the patient but also for the entourage 
(family, school, medical assistance, social assistance 
etc.).

There are few longitudinal studies that have fol-
lowed the long-term evolution of these patients and 
our research aims at just such an analysis.

OBJECTIVES

Assuming that, with the increased life expectancy 
of patients with Down syndrome, new phenotypic 
changes and new dysfunctions are expected to occur, 
we have proposed a longitudinal study in order to 
analyze these changes and what their medico-social 
consequences are. In order to achieve our goal, we 
have set 3 objectives: long-term follow-up of the nat-
ural development of the disease, identifying both the 
appearance of new phenotypic traits and changes in 
existing traits; analysis of the social inclusion of pa-
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tients with Down syndrome; quantifying the family 
impact of the birth of a child with Down syndrome.

MATERIAL AND METHOD

The proposed study is a longitudinal study, per-
formed by retrospective research and descriptive 
evaluation, carried out on a group of 81 patients with 
Down syndrome, with a minimum clinical observa-
tion period of 14 years.

The patients recruited for the study come from the 
case studies of the Bihor Regional Center for Medi-
cal Genetics, part of the Clinical Municipal Hospital 
“Dr. Gavril Curteanu” Oradea (former Genetics De-
partment in Oradea Children’s Clinical Hospital). 
Between 1983 and 2018 a number of 251 patients 
were diagnosed and monitored with Down syndrome. 
Of these, 81 patients were enrolled in the study, ac-
cording to the following inclusion criteria: clinical 
and cytogenetically confirmed diagnosis of Down 
syndrome; minimum age of 14 years; complete clini-
cal and cytogenetic documentation; at least a clinical, 
biological, psychological and social reassessment. 
The exclusion criteria were: uncertain Down pheno-
type; normal or uncertain karyotype for trisomy 21; 
other specified causes of intellectual disability; idio-
pathic intellectual disability, absent or incomplete 
clinical and psychological re-evaluation.

The medical documents used for the retrospective 
study were: the patient’s record of congenital malfor-
mations and genetic diseases, the psychological eval-
uation, the cytogenetic analysis report. Medical in-
formation covered: demographic data (year of birth, 
sex, age at diagnosis and at re-evaluation), clinical 
data (evolution of clinical features and associated ab-
normalities), biological data (karyotype, FISH), psy-
chological data (assessment of intellectual level of to 
the specialist), social and family data (education, so-
cial inclusion, family size).

For statistical analysis, we used MedCalc soft-
ware (https://www.medcalc.org) based on the “N-1” 
Chi-square test, recommended by Campbell (2007) 
and Richardson (2011). The confidence interval is 
calculated according to the method recommended by 
Altman (2000). A p < 0.05 was considered statisti-
cally significant.

The study has been endorsed by the hospital’s 
Ethics Committee and complies with the rules on 
data confidentiality as well as the informed consent 
of the patients (or guardians) being studied.

RESULTS

The decadal distribution of births with Down syn-
drome highlights a peak in the decade 1980-1989 
(fig. 1). We found an insignificant increase in cases 
compared to both to the previous decade (p = 0.1193) 
and the subsequent decade (p = 1.1646). Comparing 
the same decade (1980-1989) with the first (1955-
1959) and the second decade (1960-1969), we found 
a significant difference (p < 0.0001). 

Gender distribution shows an insignificantly in-
creased frequency of males (43 males and 38 fe-
males).

The age at which the patient has been registered in 
the Genetics Department records and the diagnosis of 
Down syndrome has been validated is summarized in 
Table 1. The diagnosis was established before the age 
of 6 months in 40 patients (49%), before the age of 1 
year in 52 patients (64%) and before the age of 14 in 
70 patients (86%).

TABLE 1. Distribution of cases by age at first assessment

Gender/
Age

under 1 
month

under 6 
months

under 1 
year

under 14 
years

over 14 
years

Feminine 12 (15%) 18 (22%) 23 (28%) 34 (42%) 38 (47%)
Masculine 16 (20%) 22 (27%) 29 (36%) 36 (44%) 43 (53%)
Total 28 (35%) 40 (49%) 52 (64%) 70 (86 %) 81(100%)

FIGURE 1. The decadal distribution of births with Down syndrome
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The age at which the last assessment was made is 
presented in Table 2. 36 patients (44%) were evalu-
ated between the age of 14 to 19 years, 33 patients 
(41%) between the age of 20 and 40 years and 12 
patients (15%) after the age of 40 years. The average 
age of the group at the last assessment was 26 years, 
with a minimum of 14 years and a maximum of 56 
years.

TABLE 2. Distribution of cases by age at last assessment

Gender/Age 14 -19 
years

20-40 
years

Over 40 
years Total 

Feminine 17 (21%) 14 (17%) 7 (9%) 38 (47%)
Masculine 19 (23%) 19 (24%) 5 (6%) 43 (53%)
Total 36 (44%) 33 (41%) 12 (15%) 81 (100%)

 
As regards cytogenetic diagnosis 73 cases (90%) 

showed free trisomy, 6 (7.5%) showed mosaicism 
with normal cell lines and 2 cases (2.5%) showed 
Robertsonian translocation.

As for the evolution of the main clinical signs, we 
identified 4 types of evolutionary trends: stationary, 
involutive, progressive and with late onset (Table 4).

Most of the cases (90-100%) have shown since 
birth, certain features specific to Down syndrome 
which have remained stationary in evolution: crani-
ofacial dysmorphism (flattened face, upslanted pal-
pebral fissures, flattened nasal root, epicanthus, small 
and dysplastic ears), joint hyperlaxity, short hands 
and fingers, single palmar crease, clinodactiliy of the 
5th finger, wide interdigital space and deep plantar 
groove between the first and second toe.

Other traits, present since birth, had an involutive 
evolution. Hypotonia and protrusion of the tongue 
have been found in most cases. Hypotonia was 
marked in the neonatal period and attenuated with 
age. The protrusion of the tongue became less obvi-
ous in time, even if the open position of the mouth 
may be more or less persistent. The excess nuchal 
skin was present at about a third of cases and de-
creased over time. Cutis marmorata was present in 
25% of cases, with a period of involution towards the 
end of childhood and at maturity and with reappear-
ance after the age of 40.

The progressive evolution features identified in 
the study were: heart anomalies, intellectual disabil-
ity, obesity, hip pathology, impaired gait, Brushfield 
spots, refractive errors and hypogonadism. The most 
common congenital cardio-vascular anomalies were: 
atrial and ventricular septal defects, complete atrio-
ventricular canal, mitral valve prolapse and chronic 
venous insufficiency. In 15 cases (65%) there were 
two or more associated cardiac anomalies. Complica-
tions occurred in 5 cases (26%): pulmonary hyper-

tension, hypertrophic cardiomyopathy, atrial and/or 
ventricular hypertrophy and varicose ulcer. Ocular 
anomalies such as refractive errors became obvious 
in childhood in 60% of the cases and tended to ag-
gravate in evolution. Brushfield spots have been pre-
sent since childhood in 1%, became more numerous 
in evolution. Hip pathology due to hyperlaxity has 
been present since childhood and has progressed with 
age. Altered gait was noticed since late childhood, 
becoming balanced in adulthood. Smaller size of ex-
ternal genitalia has been present since birth and per-
sistent all life and puberty was often incomplete.

Obesity has been found in almost half of all age 
subgroups. In most of the cases the onset of obesity is 
in childhood and its frequency remains almost un-
changed throughout life (Table 3).

TABLE 3. Distribution of cases by weight and age 
subgroups

Weight/Age 14 -19 
years

20-39 
years

over 40 
years

Total 
cases

normal 13 (36%) 11 (33%) 6 (50%) 30 (37%)
obesity 17 (47%) 15 (46%) 6 (50%) 38 (47%)
Under weight 6 (17%) 7 (21%) 0 (0%) 13 (16%)
Total cases 36 (100%) 33(100%) 12(100%) 81 (100%)

 
At the last assessment 30 patients (37%) were of 

normal weight, 38 patients (47%) were obese and 13 
patients (16%) were under weight.

The late onset features (after age 14) identified in 
our study group were cataract, hearing loss, dental 
anomalies, lack of procreation and hyperkeratotic dry 
skin. Cataract was present in 40 cases (49%), was di-
agnosed before the age of 14, with progressive ag-
gravation, requiring surgical treatment in 1% of the 
cases. Hearing loss has been found in 6 cases (7%), 
with progressive evolution. Dental anomalies were 
present in all the cases (100%), affecting the number, 
shape, size or position of permanent teeth, frequently 
generating complications such as early onset of car-
ies and periodontal pathology. None of the patients 
had children and early menopause was present in 1% 
of cases (1 case). Dry and hyperkeratotic skin, onych-
omycosis and dermatitis were present in 70% of cas-
es. Early aging can be observed in patients aged 30.

Other abnormalities, occasionally associated with 
Down syndrome, were found: genitourinary disor-
ders 16% (13 cases), hypothyroidism 11% (9 cases), 
hypocalcemia 9% (7 cases), autoimmune thyroiditis 
5% (4 cases), digestive abnormalities (7%), scoliosis 
5% (4 cases), pterigium colli 5% (4 cases), neuro-
logical impairment 5% (4 cases), alopecia areata 5% 
of female cases (2 cases), diabetes 2% (2 cases) and 
epilepsy 2% (2 cases).
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All the children showed variable degrees of intel-
lectual disability, according to their intelligence quo-
tient: mild IQ 70-50, moderate IQ 50-35, severe IQ 
35-20 and profound IQ below 20). In the first years 
all cases had developmental and language delay; later 
they showed lack of attention and impaired short-
term memory that caused progressive cognitive dete-
rioration. Speech and language disorders such as dys-
praxia and dysarthria were present in all cases and 
patients with profound and severe intellectual disa-
bility only used monosyllabic verbal expressions. 
Most of the cases associated behavioral disorders 
(stubbornness, obsessive-compulsive disorder, ag-
gressiveness). Early dementia was present in 1 case. 
Before the age of 14 intellectual disability was pro-
found in 10 cases (12%), severe in 26 cases (32%), 
moderate in 36 cases (45%) and mild in 9 cases 
(11%). After the age of 14 intellectual disability was 
profound in 10 cases (12%), severe in 42 cases (52%), 
moderate in 20 cases (25%) and mild in 9 cases 
(11%). In 16 cases (20%) the intellectual disability 
has evolved progressively after the age of 14, from 
moderate to severe. For severe intellectual disability 
we have found a significant difference between the 
two age subgroups (before and after the age of 14) of 
20%, p = 0.0101.

All cases have presented delayed motor develop-
ment and coordination problems. Before the age of 
14 all motor stone miles have been delayed, and the 
most affected feature was the ability to maintain bal-
ance. More than half of the cases showed partial co-
ordination (47%). After the age of 14 fine and gross 
motor skills have been affected and only 33% of the 
cases showed partial coordination.

Regarding the education, 44 cases (54%) did not 
receive any education and 37 cases (46%) had mostly 
primary education. Thus, 21% only graduated 4 

classes, 20% graduated 8 classes and only 5% gradu-
ated 10 classes. 

Social integration was also deficitary, only 12 pa-
tients (15%) were integrated in a patient association 
at the last assessment. Integration started in child-
hood and was continuous.

After having a child with Down syndrome, in 20 
cases (22%) the family had another pregnancy. In 49 
cases (54%) the family had children before the child 
with trisomy and in 22 cases (24%) the family had no 
other child, before or after the child with trisomy.

Divorce or separation occurred in 6 particular sit-
uations where both parents died, the siblings contin-
ued to take care of the affected patients. One single 
child with trisomy 21, from a separated family, was 
institutionalized.

DISCUSSIONS

There are few longitudinal studies of this type in 
literature given the difficulties of long-term patient 
tracking [5-8].

A particularity of our study is the increased num-
ber of births with Down syndrome in the 1980-1989 
decade. This unusual frequency can be linked to the 
pronatalist demographic policy in Romania during 
that period. The significantly low cases in the first 
and second decade are most likely due to a lack of 
specialized services before 1983. The slight prepon-
derance of the male sex (sex-ratio 1.1M:1F) is similar 
to other studies [9]. 

Diagnosis of trisomy 21 is currently performed 
prenatal or immediately after birth. Late validation of 
the diagnosis in 14% of cases (after the age of 14) is 
due to the lack of specialized genetic services by1983. 
Cytogenetically, 90% of our cases showed free tri-
somy 21, similar to other studies [10].

TABLE 4. Evolutive tendencies of the most common features in Down syndrome

Features with stationary evolution Involutive features  Progressive features Late onset features (over 
the age of 14 years) 

Short stature (100%) Hypotonia (90%) Intellectual disability (100%) Childless (100%)
Flattened facial appearance (100%) Protruding tongue (70%) Refractive errors (60%) Dental anomalies (100%)
Flat nasal bridge (100%) Generous nuchal skin 

(30%)
Obesity (47%) Dry hyperkeratotic skin 

(70%)
Joint hyperlaxity (96%) Cutis marmorata (25%) Congenital heart anomalies (27%) Cataract (49%)
Short hands and fingers (96%) Altered gait (27%) Hearing loss (5%)
Upward-slanting palpebral fissures (95%) Small testis, small penis (25%)
Wide gap and plantar groove between 
the first and second toe (95%)

Hip pathology (5%) 

Simian crease (95%) Brushfield spots(1%)
Clinodactiliy of the 5th finger (95%)
Epicanthus (91%) 
Small and dysplastic ears (90%)
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The general growth of a child with Down syn-
drome is characterized by short stature and a tenden-
cy to obesity. Sometimes, additional conditions, such 
as congenital heart disease, endocrine and digestive 
disorders, may increase the height deficit. Our study 
group has the same characteristics; short stature was 
found in all cases (100%), 13 of them (16%) with 
severe growth retardation (below percentile 3). In pa-
tients with Down’s syndrome, obesity usually devel-
ops since childhood. In our observation series, obe-
sity was found in 47% of cases from the 14-19 age 
group, being persistent, or even more frequent until 
the most advanced ages. Obesity is due to a complex 
of biological and environmental factors, most often, 
in our observation, being involved: inactivity, seden-
tary lifestyle, eating habits, compensatory overeat-
ing, hypogonadism.

The somatic specific features of Down syndrome 
(short stature, characteristic cranio-facial dysmor-
phism, palmo-plantar and dermatoglyphic changes) 
were present in almost all of our cases and remained 
stationary, as a natural evolution of the disease.

The involutive features such as marked neonatal 
hypotonia, the excess of nuchal skin or protrusion of 
the tongue have gradually improved by the age of 14. 
Cutis marmorata disappeared until puberty but reap-
peared after the age of 40.

Some features have been present since birth or 
from infancy, with a progressive aggravation. Cardi-
ovascular abnormalities typically affect up to 40% 
-50% of patients with Down syndrome [11]. In our 
study group the incidence of cardiovascular abnor-
malities (27% of cases) was significantly low com-
pared to other recent studies where it reaches up to 
58% [12], while complications occurred in percent-
ages similar to those described in the literature. Ocu-
lar abnormalities are common in children with Down 
syndrome and require periodic reassessment due to 
presumptive progressive development [13]. In our 
cohort refractive errors and Brushfield spots ap-
peared in percentages similar to those described by 
other authors [14]. Hip pathology occurs in 1-7% of 
cases of trisomy 21, being mainly due to ligament 
hyperlaxity and pelvic hypoplasia [11]; in our group 
the incidence was 5%. The impaired walk (swaying, 
uncertain, with small steps) was present in 27% of 
cases, due to ligament hyperlaxity and joint instabil-
ity at hip and knee level, with progressive aggrava-
tion.

A special category is the late onset features that 
appeared after the age of 14. The increased incidence 
of cataract at a young age previously presented is due 
to premature aging [15]. Deafness was significantly 
rarer than described in the literature. Dental abnor-

malities, early onset of caries and periodontal pathol-
ogy are in line with natural evolution. As regards 
childlessness of the studied cases, it corresponds to 
the infertility data previously described in the litera-
ture. Some recent studies on younger patients have 
shown that there are no major differences in sexual 
development from the general population, except for 
early menopause [16,17]. Fertility have even been 
described in men with Down syndrome [18,19]. It is 
not yet clear whether these major differences be-
tween old and new studies are due to the age of pa-
tients or geographical criteria. Dermatological disor-
ders frequently occur in the natural evolution of 
Down syndrome [20], and the studied group followed 
these trends.

Other conditions, less commonly associated with 
the natural evolution of the disease, encountered in 
our study group are: diabetes mellitus (involving ge-
netic and environmental etiological factors such as 
overexpression of the genes of chromosome 21, high 
birth weight, frequent infections in childhood, in par-
ticular digestive infections with bacterial flora altera-
tion, self-immunity and obesity [21]), alopecia areata 
and epilepsy [22,23]. All patients in our group (100%) 
showed varying degrees of intellectual disability. The 
significant increase (p < 0.5) of the intellectual disa-
bility level after the age of 14 is in line with the usual 
development of the disease [11]. In more than half of 
the cases patients have not been educated due to as-
sociated anomalies, including severe intellectual dis-
ability, or lack of special schools or school inclusion 
in rural areas. 

Motor development was delayed in all patients, 
with basic motor skills acquired at older ages. Motor 
coordination problems have gradually worsened in 
line with natural evolution of the disorder [24]. Par-
ticularities such as hypotonia, ligament laxity, joint 
instability and deeper muscle relaxation lead to weak 
coordination and children are at risk of developing 
osteoarticular complications [25].

Although the integration of these patients into em-
ployment is currently being encouraged, none of the 
patients included in the study group have had a stable 
working relationship, all have received disability 
benefits.

Social integration (kindergarten, schools, centers, 
patients’ associations) was also deficient. The lack of 
integration is due to the association of anomalies in-
compatible with social activities, but also to the ab-
sence of specialized structure, i.e. specialized teach-
ers in normal schools, especially in rural areas. 

The birth of a child with trisomy 21 has a major 
impact on the family, on several levels. One parent, 
usually the mother, has to take care of the child, af-
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fecting the family’s income. Therapies, comorbidi-
ties and behavioral disorders affect the financial and 
social life of the family. After having a child with 
Down syndrome, the families in our study tended to 
give up procreation. On the other hand, sometimes 
even family unity may be affected. Although nowa-
days children with Down syndrome are cared for in 
families, before 1990 their institutionalization was a 
common practice [2], an aspect that can be observed 
in our study group. In our study, divorce or separation 
appeared in percentages similar to those described in 
other studies [26].

CONCLUSIONS

Knowledge of the natural evolution of the signs 
and symptoms of the disease is indispensable in the 

long-term monitoring of patients with Down syn-
drome, distinguishing between persistent and pro-
gressive, involutive or late-onset traits. The school-
ing and social integration of patients with Down 
syndrome is inadequate in our country, with special 
structures and specialized staff required. The birth of 
a child with Down syndrome is a real drama for the 
family with a strong emotional impact that can be 
prevented or mitigated by facilitating prenatal diag-
nosis, psychological counselling, social support and 
specialized genetic advice.
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