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Purpose: Patients with microdeletion of chromosome 22q11.2 (del22q11) were studied, in order to evaluate

auxological parameters and to correlate growth patterns with the presence of main clinical characteristics of the

syndrome. Methods: Between January 1995 and March 2000, auxological parameters (weight, height, head

circumference, and bone age) of 73 patients with del22q11 were collected. Five subgroups of patients were

distinguished: Group I (37 patients) included patients aged between 0.3 and 4 years, Group II (20 patients)

included patients aged between 5 and 10 years, Group III (16 patients) included patients aged between 11 and

16.3 years. The presence or absence of some clinical features was correlated to growth patterns. Results: Weight:

in Group I, 5 of 37 (13.5%) patients were below the 3rd percentile, 29 of 37 (78.3%) were below the mean

percentile, none was overweight; in Group II, 13 of 20 (65%) patients were between the 10th and the 50th

percentiles; in Group III, weight corresponded to the 97th percentile in 5 of 16 (31.2%) patients, and in 2/16

(12.5%) adolescents, the weight measurements were even above the 97th percentile. Height: short stature was

detected in 7 of 73 (9.6%) of the total patients; the patients with short stature were all , 10 years old; the height

was within the normal age in all adolescent patients. Head circumference: it was below the 3rd percentile in 7 of

73 (9.6%), between the 3rd and the 25th percentiles in 36 of 73 (49.3%) patients, between the 25th and the 75th

percentiles in 20 of 73 (27.3%) patients, and between the 75th and the 97th percentiles in 10 of 73 (13.7%)

patients. Bone age: mean 6 SD bone age was -0.25 6 0.78 years. Comparisons: the only statistically significant

correlation was that between the presence of feeding difficulties and underweight. Conclusion: Auxological

parameters of children with del22q11 are characterized by: (1) weight deficiency in the first years of age, (2) weight

normalization in the following years, (3) development of obesity in adolescence, (4) short stature in 10% of the

patients, (5) normal height in adolescents, (6) slight delay in bone age in infancy, (7) microcephaly in 10% of the

patients. Genetics in Medicine, 2001:3(1):30–33.
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The DiGeorge/velocardiofacial (DG/VCF) syndrome is due
to a microdeletion of chromosome 22q11.2 (del22q11),1,2 and
is clinically characterized by facial dysmorphisms, conotruncal
heart defects, palatal anomalies, immunologic defects with
thymic hypoplasia, and neonatal hypocalcemia.3–5

Growth retardation is reported in 36% of the patients in-
cluded in the European collaborative study,5 and in 39 – 63% of
the patients with a clinical diagnosis of DG/VCF syndrome in
the series collected before the advent of the microdeletion

studies.1,6 – 8 Growth hormone deficiency has been detected in
4 patients from the literature presenting with extreme short
stature, two of whom had pituitary anomalies.9

The purpose of this study was to evaluate auxological pa-
rameters in our series of children with del22 and to correlate
growth patterns with main clinical characteristics of the
syndrome.

MATERIALS AND METHODS

Between January 1995 and March 2000, 73 consecutive pa-
tients with del22q11 were evaluated at our hospital in the set-
ting of a follow-up program for DG/VCF syndrome. There
were 40 males and 33 females. Their ages ranged from 0.3 to
16.3 years (mean age 6 SD 6.54 6 4.46 years). According to
children’s ages, five subgroups of patients were distinguished:
Group I (37 patients) included patients aged between 0.3 and 4
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years, Group II (20 patients) included patients aged between 5
and 10 years, Group III (16 patients) included patients aged
between 11 and 16.3 years. All cases had facial anomalies and
clinical characteristics of DG/VCF syndrome, and del22q11
was detectable by fluorescent in situ hybridization with Sc11.1
and Co23 probes10 in all cases. The occurrence of features
which could influence growth, such as congenital heart defect
and cleft palate, was particularly investigated. Anamnestic in-
formation about feeding disorders in the first years of age were
obtained by interview of the parents. Neuropsychological eval-
uations were performed according to the Leiter International
Performance Scale in patients more than 2 years old.

To evaluate growth in these patients, measurements were
taken according to the internationally accepted rules and
methods. In particular, weight was measured using a scale.
Standing height values were obtained with a Harpender stadi-
ometer, whereas supine length was recorded using a length
rigid board for children , 2 years old. Head circumference was
measured using a tape placed around the child’s head and pass-
ing the prominence of the occiput posteriorly and crossing the
forehead superior to the supraorbital ridges. Weight and
height/length were plotted on standard percentile growth
charts by Tanner et al.,11 and the closest percentile for age was
recorded. Body mass index was calculated by dividing weight
(in kilograms) by height squared (meters squared). The stages
of pubertal development were evaluated according to Tan-
ner.12 Head circumference was compared to standards of Nell-
hause.13 Bone age was determined according to Greulich and
Pyle.14

Plasma levels of free thyroxin, thyroid stimulating hormone,
insulin growth factor 1 were measured using commercial kits.

The presence or absence of some clinical features was corre-
lated to growth patterns. In particular: (1) the finding of un-
derweight (weight below the 3rd percentile) was correlated
with the presence of congenital heart defect, cleft palate, and
feeding difficulties, (2) the finding of overweight (weight over
the 90th percentile) in adolescent patients was correlated with
the presence and degree of mental retardation, (3) the finding
of short stature (height/length below the 3rd percentile) was

correlated with the presence of congenital heart defect and cleft
palate, (4) the finding of microcephaly (head circumference
below the 3rd percentile) was correlated with the presence of
mental retardation. Statistical analysis was performed by chi-
square test, and significance was accepted at P , 0.05.

RESULTS
Weight

The distribution among weight percentiles of the patients
included in the three age groups are shown in Table 1 and
Figure 1. Particularly, in Group I, 5 of 37 (13.5%) patients were
below the 3rd percentile, and 29 of 37 (78.3%) were below the
mean percentile. None of the patients in Group I was over-
weight. In Group II, 13 of 20 (65%) patients were between the
10th and the 50th percentiles. In Group III, weight corre-
sponded to the 97th percentile in 5 of 16 (31.2%) patients, and
in 2 of 16 (12.5%) adolescents the weight measurements were
even above the 97th percentile.

Comparisons

Congenital heart defect was present in 5 of 6 (83%) patients
with weight below the 3rd percentile, and in 58 of 67 (87%) of
those with weight within the normal range. The comparisons
were statistically not significant (P 5 0.690).

Cleft palate was present in 1 of 6 (17%) patients with weight
below the 3rd percentile, and in 8 of 67 (12%) of those with
weight above the 3rd percentile. The comparisons were statis-
tically not significant (P 5 0.756).

Feeding difficulties were referred in 6 of 6 (100%) patients
with weight below the 3rd percentile, and in 21 of 67 (31%) of
those with weight above the 3rd percentile. The comparisons
were statistically significant (P 5 0.004).

Moderate or severe mental retardation was detected in 5 of
11 (45%) adolescent patients with weight above the 90th per-
centile, while all adolescents (5 patients) with weight below the
90th percentile had normal or only mildly retarded mental
development. The comparisons were statistically not signifi-
cant (P 5 0.216).

Table 1
Distribution of the patients from our series among weight and height percentiles

Percentile

,3rd 3rd 10th 25th 50th 75th 90th 97th .97th

Weight

Patients in Group I (n 5 37) 5 6 9 9 4 4 0 0 0

Patients in Group II (n 5 20) 1 1 6 3 4 1 1 1 2

Patients in Group III (n 5 16) 0 0 1 1 4 1 2 5 2

Height

Patients in Group I (n 5 37) 5 1 3 11 8 5 2 2 0

Patients in Group II (n 5 20) 2 1 6 3 2 2 2 1 1

Patients in Group III (n 5 16) 0 3 2 2 3 1 4 1 0
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Height

The distribution among height percentiles of the patients
included in the three age groups are shown in Table 1 and
Figure 2. Short stature (height/length below the 3rd percentile)
was detected in 7 of 73 (9.6%) of the total patients. The patients
with short stature were all , 10 years old. The height was
within the normal age in all adolescent patients.

Comparisons

Congenital heart defect was present in 6 of 7 (86%) patients
with height below the 3rd percentile, and in 57 of 66 (86%)
patients with height above the 3rd percentile. The comparisons
were statistically not significant (P 5 0.596).

Cleft palate was present in 1 of 7 (14%) patients with height
below the 3rd percentile, and in 8 of 66 (12%) patients with
height above the 3rd percentile. The comparisons were statis-
tically not significant (P 5 0.661).

Body mass index

Mean 6 SD body mass index was 15.36 6 1.34 in Group I,
16.6 6 2.72 in Group II, 21.81 6 3.32 in Group III.

Pubertal stages

Pubertal stage corresponded to G1P1 or M1P1 in 60 pa-
tients, to G2P2 or M2P2 in 5 patients, to G3P3 or M3P3 in 4
patients, to G4P4 or M4P4 in 4 patients.

Head circumference

Head circumference was below the 3rd percentile in 7 of 73
(9.6%) patients, between the 3rd and the 25th percentiles in 36
of 73 (49.3%) patients, between the 25th and the 75th percen-
tiles in 20 of 73 (27.3%) patients, and between the 75th and the
97th percentiles in 10 of 73 (13.7%) patients.

Comparisons

Psychometric tests performed in patients more than 2 years
old revealed moderate or severe mental retardation in 3 of 7
(42.8%) patients with head circumference below the 3rd per-
centile, and in 14 of 56 (25%) patients with normal head cir-
cumference. The comparisons were statistically not significant
(P 5 0.581).

Bone age

Mean 6 SD bone age was -0.25 6 0.78 years. In Group I,
mean 6 SD bone age was -0.44 6 0.45 years, in Group II was
0.52 6 0.57 years, in Group II was 10.11 6 0.83 years.

Hormonal dosages

All patients had normal levels of free thyroxin, thyroid stim-
ulating hormone, and insulin growth factor 1.

DISCUSSION

The analysis of growth parameters in our series shows that
specific patterns are identifiable in patients with del22q11.
Weight deficiency is prevalent in the first years of age, and
feeding difficulties seem to be a fundamental risk factor pre-
disposing to growth abnormalities. Feeding problems are com-
mon in patients with del22q11, appearing to be mostly due to
dysmotility in the pharyngoesophageal area, which is derived
from the third and fourth pharyngeal pouches involved in the
pathogenesis of the syndrome.15,16 It seems that the presence of
congenital heart defect or cleft palate has no major impact on
the overall growth patterns. In fact, the correlations between
the presence of these risk factors and low weight or short stat-
ure are statistically not significant, although it must be noticed
that patients without congenital heart defect or with cleft pal-
ate are a small group in our series. In our experience, the
growth in weight improves with time leading to overweight
and obesity in adolescence. It seems that adolescent patients
with a higher degree of mental retardation are more susceptible
to obesity, probably because patients with developmental delay
are often sedentary, and have the tendency to eat more.

According to the observation of earlier series of patients with
DG/VCF syndrome, short stature is a common feature, the
incidence varying from 39% to 67% in different series.1,6 – 8

Nevertheless, Young et al.6 first suggested that short stature

Fig. 1 Distribution in percentages among weight percentiles of the patients from the
three different age groups.

Fig. 2 Distribution in percentages among height percentiles of the patients from the
three different age groups.
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could be attributable to constitutional delay, because only 10%
of adult patients in their series were below the normal range. In
our series, short stature is detected in about 10% of the cases,
all of whom less that 10 years old. On the contrary, adolescent
patients are all normal in height, supporting the presence of
constitutional delay in infancy with the possibility to reach a
normal stature in the adult age. A mean delay in bone age
corresponding to about 4 – 6 months is calculated in our infant
patients, while bone age is correspondent to chronological age
in patients between 10 and 16 years. Growth hormone defi-
ciency has been observed in four patients from the literature,9

but none of our patients has hormonal abnormalities.
In conclusion, auxological parameters of children with

del22q11 are characterized by weight deficiency in the first
years of age prevalently due to feeding difficulties, normaliza-
tion of weight in the following years, and development of obe-
sity in adolescence, normal final height with a small group of
patients showing a constitutional delay in height growth, slight
delay in bone age in infancy, and head circumference corre-
sponding prevalently to the lower percentiles.
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