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KEYWORDS Abstract

22q11.2 deletion Objective: To develop Brazilian growth charts for weight, height, body mass index (BMI), and
syndrome; head circumference (HC), stratified by sex, for patients with 22q11.2 deletion syndrome
DiGeorge syndrome; (22g11.2DS) from birth to 17 years.

Growth charts; Methods: This multicenter, retrospective, longitudinal study included 1826 anthropometric data
Body weight; collected through medical record review of 113 patients with a laboratory-confirmed diagnosis
Body height; of 22q11.2DS who were followed at 11 centers participating in the Craniofacial Brazil Project.
Body mass index The 3rd, 10th, 25th, 50th, 75th, 90th, and 97th percentiles for anthropometric parameters were

developed for males and females from birth to 17 years old using the Lambda—Mu—Sigma (LMS)
method and graphically compared with reference percentiles from the Centers for Disease Con-
trol and Prevention using the Tidyverse package in R software.

Results: A growth pattern distinct from that of the reference population was observed, with
more pronounced deficits in height and weight during the first two years of life in both sexes.
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After this period, partial recovery in height was observed, more evident in females, whereas the
deficit remained more pronounced in males. Differences in BMI and HC were less marked.
Conclusion: The Brazilian growth charts for 22q11.2DS provide more appropriate parameters for
clinical monitoring and individualized care of this population.

© 2026 The Authors. Published by Elsevier Espafna, S.L.U. on behalf of Sociedade Brasileira de
Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Introduction

22q11.2 deletion syndrome (22q11.2DS), formerly known as
DiGeorge syndrome or velocardiofacial syndrome, is one of
the most common chromosomal microdeletions, with an
estimated prevalence ranging from 1 in 2000 to 1 in 4000
live births [1,2]. The syndrome results from a deletion in the
22q11.2 region, which contains approximately 40 functional
genes and typically spans 1.5 to 3 Mb [1]. Most cases arise
from de novo events, although vertical transmission has also
been reported [1—3]. The most common clinical manifesta-
tions include congenital heart disease, thymic and parathy-
roid hypoplasia, hypocalcemia, immunodeficiency, palatal
abnormalities, marked feeding difficulties in early life,
learning disabilities, and psychiatric disorders at different
stages of life [1—6].

With regard to growth, studies indicate that individuals
with 22q11.2DS present more pronounced deficits in weight
and height during early childhood, with a tendency toward
partial recovery of final height when compared with the ref-
erence population [3,5-9].

Monitoring child growth is one of the cornerstone tools of
health surveillance in pediatrics [10]. Growth charts pro-
posed by the World Health Organization (WHO)[11] and the
Centers for Disease Control and Prevention (CDC)[12] are
the most widely used for this purpose, given their simplicity,
low cost, and high accuracy [11,12]. However, these charts
are based on reference populations and do not account for
the specific growth patterns associated with genetic syn-
dromes, which may lead to misinterpretation of weight and
height deficits or excesses in these conditions [6,11—13].

In this context, several authors have advocated the
development of syndrome-specific growth charts to provide
parameters that more accurately reflect the clinical reality
of each genetic condition [6—8,13—16]. To date, however,
no growth charts based on data from Brazilian patients with
22q11.2DS have been published, limiting the availability of
references adjusted to the anthropometric and ethnic char-
acteristics of this population.

Therefore, the present study aimed to develop sex-spe-
cific growth charts for weight, height, body mass index
(BMI), and head circumference (HC) for the Brazilian popula-
tion with 22q11.2DS.

Case series and methods

The study was conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and Brazilian National
Health Council Resolution No 466/12 and was approved by the
Research Ethics Committee for Human Beings of the State Uni-
versity of Campinas (UNICAMP) (CAAE: 35,316,314.9.1001.5404

and 85,020,018.8.0000.5404), as well as by the participating
centers. Written informed consent was obtained from all par-
ticipants or their legal guardians.

This was a multicenter, retrospective, longitudinal study.
Data were collected through review of medical records from
patients followed within the Craniofacial Brazil Project,
which includes individuals receiving care at 11 centers
located in the South, Southeast, and Northeast regions of
Brazil. Due to the rarity of the condition, no time restriction
was applied, and all patients meeting the inclusion criteria
were initially included, resulting in anthropometric data
spanning from 1991 to 2025.

Given the retrospective nature of the study, the database
was constructed in two stages. In the first stage, all eligible
patients had their anthropometric data manually tran-
scribed in chronological order from medical records into a
standardized data collection form developed in an Excel
spreadsheet, which included safeguards to reduce manual
entry errors. In addition to anthropometric measurements,
relevant clinical data were also recorded for each patient.
In the second stage, all collected data were unified and sys-
tematically reviewed by one author (ASLS). Individual data
points were then assessed for the application of exclusion
criteria 1 through 6. Exclusion criterion 7 was applied based
on preliminary statistical analysis, which identified anthro-
pometric values exceeding 45 standard deviations relative
to age and sex distribution. This two-step approach was
adopted to minimize the inclusion of data affected by
recording errors or incomplete information.

For standardization and database construction, the fol-
lowing variables were collected: (1) sex (male or female);
(2) date of birth and date of clinical visit, allowing calcula-
tion of age; (3) weight (kg); (4) height (cm); and (5) head cir-
cumference (HC, cm). Body mass index (BMI, kg/m?) was
calculated as weight (kg)/height? (m?). The standardized
data collection form also included fields for diagnostic meth-
ods used to confirm 22q11.2DS, history of prematurity, birth
data, hypothyroidism, growth hormone deficiency, congeni-
tal heart disease, scoliosis, hypoparathyroidism, and other
comorbid conditions.

Inclusion criteria were patients aged from birth to
20 years with a diagnosis of 22q11.2DS confirmed by at least
one of the following methods recognized as standard for
microdeletion diagnosis: fluorescence in situ hybridization
(FISH), multiplex ligation-dependent probe amplification
(MLPA), chromosomal microarray analysis (CMA), exome
sequencing, noninvasive prenatal testing (NIPT), or genome
sequencing [17,18].

Exclusion criteria were as follows: (1) data in which age
or date of evaluation could not be determined; (2) data
from children aged 0 to 2 years with a history of prematurity
or with unavailable information regarding prematurity; (3)
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data from individuals with untreated hypothyroidism; (4)
data from individuals with untreated growth hormone (GH)
deficiency; (5) data from individuals with congenital heart
disease requiring treatment who had not been treated; (6)
duplicate measurements from the same patient obtained
within an interval of <1 month for ages 0 to 23 months or
<12 months for ages 2 to 20 years; and (7) anthropometric
measurements exceeding +5 standard deviations relative to
age and sex.

The LMS (Lambda Mu Sigma) method was used to model
the curves [19]. Percentiles 3, 10, 25, 50, 75, 90, and 97 were
generated for the construction of weight-for-age, height-for-
age, WC-for-age, and BMI-for-age curves. The parameters L,
M, and S correspond to the Box—Cox transformation power,
the median, and the coefficient of variation, respectively.
The LMS method accounts for skewness by assuming a
Box—Cox normal distribution. Model selection was guided by
goodness-of-fit criteria and by identifying the most appropri-
ate combination of equivalent degrees of freedom (edf) for
cubic spline smoothing. Age was entered using the ‘age origi-
nal’ setting, without transformation or rescaling. Initial edf
values were set toL =3, M =5, and S = 3. Model refinement
followed LMSchartmaker Pro recommendations [20]. Final L,
M, and S estimates, along with smoothed percentile curves,
were exported from LMSchartmaker to spreadsheet software
for the construction of tables and graphical outputs.

For graphical comparison between the growth charts for
22q11.2DS developed in this study and those of a reference
population, CDC data from birth to 17 years[12] were used
and implemented using the Tidyverse package[21] in R soft-
ware, version 4.4.1 [22]. The CDC growth reference was
selected because it provides a continuous reference across
the full pediatric age range included in this study and is
based on a large population of children without specific clin-
ical conditions affecting growth. In addition, there are cur-
rently no Brazilian LMS-based reference curves covering the
entire age range analyzed, which precluded comparison
with a Brazilian reference population using the same meth-
odological framework.

Results

Between May 2024 and January 2025, 121 medical records of
patients with 22q11.2DS were reviewed across 11 participat-
ing centers. Of these, 119 patients were initially included,
yielding 3149 growth measurements (1353 wt, 1229 height,
and 567 HC measurements) from birth to 20 years; 70
patients were female, and 49 were male. At this stage, all
clinical variables relevant to the study were collected. Sub-
sequently, exclusion criteria 1 through 6 were applied, fol-
lowed by application of exclusion criterion 7 after
preliminary statistical analysis. Insufficient data were avail-
able in the 18—20-year age range to allow reliable chart con-
struction, and these data were therefore excluded. Overall,
1323 measurements (613 wt, 532 height, and 178 HC meas-
urements) and six patients were excluded. Exclusion crite-
rion 6 accounted for the largest proportion of excluded data
(936 measurements), followed by criteria 2 (187 measure-
ments) and 7 (166 measurements). No exclusions were
attributable to criteria 3, 4, or 5. These data are detailed in
Supplementary Table 1.

A total of 1826 growth measurements from 113 patients
remained in the final analysis, including 66 females with
1074 measurements (447 wt, 407 height, and 220 HC meas-
urements) and 47 males with 752 measurements (293 wt,
290 height, and 169 HC measurements). Based on the corre-
sponding weight and height data, 644 BMI values were calcu-
lated (379 for females and 265 for males). Descriptive
statistics, including the number of measurements, mini-
mum, maximum, mean, and standard deviation, stratified
by anthropometric parameters (weight, height, BMI, and
HC), sex, and age group (birth to 24 months and 2 to
17 years), are presented in Supplementary Tables 2—7.

Sex-specific growth charts were constructed for weight-
for-age, height-for-age, and head circumference—for-age
from birth to 24 months, and for weight-for-age, height-for-
age, and BMI-for-age from 2 to 17 years, in accordance with
the proposed statistical modeling. These charts are pre-
sented in Supplementary Fig.s 1—12 and in Supplementary
Tables 8—19, which report the corresponding LMS values and
the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th percentiles
used to construct the charts.

Graphical comparisons between the sex-specific height
charts developed in this study and the Centers for Disease
Control and Prevention (CDC) reference charts[12] for
healthy children and adolescents are shown in Figure 1—3 of
the main article.

From birth to 24 months, clear differences were observed
between the growth charts developed in this study and the
CDC reference charts [12]. For height (Figure 1A and 1B), in
both sexes, the 50th percentile of the 22q11.2DS population
corresponded approximately to the 3rd percentile of the ref-
erence population. At 24 months of age, the median height
for females with 22q11.2DS was 80.6 cm compared with
86.2 cm in the reference population [12], and for males,
82.3 cm versus 87.7 cm, respectively, representing a differ-
ence of nearly 6 cm in median height for both sexes (Supple-
mentary Table 2).

For weight (Figure 2A and 2B), similar but more pro-
nounced differences were observed, particularly among
females. The 50th percentile of weight in females with
22q11.2DS fell below the 3rd percentile of the reference
population (Figure 2A), whereas in males, the 50th percen-
tile corresponded approximately to the 3rd percentile of the
reference (Figure 2B). At 24 months, the median weight for
females with 22q11.2DS was 9.7 kg compared with 12.1 kg in
the reference population [12], and for males, 11.0 kg versus
12.7 kg [12], corresponding to differences of 2.4 kg in
females and 1.7 kg in males (Supplementary Table 3).

Differences in HC were less pronounced (Figure 3A and
3B). In females, the 50th percentile lay between the 3rd and
10th percentiles of the reference population, whereas in
males, the 50th percentile was similar in both populations.
Notably, the 97th percentile of HC in the 22q11.2DS popula-
tion corresponded to the 75th percentile of the reference
population (Figure 3B).

From 2 to 17 years, differences between the growth
charts developed in this study and the CDC reference charts
[12] persisted. For height (Figure 1C and 1D), disparities
were more pronounced in males. In males, the 50th percen-
tile of the 22q11.2DS population corresponded approxi-
mately to the 10th percentile of the reference population
(Figure 1D), whereas in females it corresponded to the 25th
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Girls 0-24 months — Height Boys 0-24 months - Height
E 8
T
(A) ‘ ‘ Age (months) (B) Age (months)
Girls 2-17 Years — Height Boys 2-17 Years — Height
[ 2
(C) ' Age (years) (D) . Age (years)
Figure 1  Comparative height charts for individuals with 22q11.2DS and CDC reference data (black) [12]: (A) females (red)

from birth to 24 months; (B) males (blue) from birth to 24 months; (C) females (red) from 2 to 17 years; (D) males (blue) from

2 to 17 years.

percentile (Figure 1C). At 17 years, the median height for
males with 22q11.2DS was 165.3 cm compared with
175.3 cm in the reference population [12], representing a
difference of 10 cm. In females, the median height was
160.4 cm in the 22q11.2DS group and 162.9 cm in the refer-
ence population [12], a difference of 2.5 cm (Supplementary
Table 5).

For weight (Figure 2C and 2D), differences were again
more pronounced in males, with the 50th percentile of the
22q11.2DS population corresponding to the 25th percentile
of the reference population (Figure 2D). A similar pattern
was observed for BMI (Figure 3C and 3D) in both sexes (Sup-
plementary Table 7).

Discussion

This study presents the first Brazilian growth charts for
weight, height, HC, and BMI, stratified by sex and age from
birth to 17 years, for individuals with 22q11.2DS. The differ-
ences observed in percentile correspondence indicate a dis-
tinct growth profile, characterized by growth deficits
relative to the reference population [12]. Median height
across all age groups and in both sexes was consistently
lower than that of the reference population [12], with defi-
cits being more pronounced during the first two years of life
in both sexes and persisting in males after two years.

An additional aspect that warrants consideration is
whether final adult height is achieved by 17 years of age in
individuals with 22q11.2DS. Although the present analysis

includes data up to this age, the retrospective design and
lack of longitudinal follow-up to confirm growth cessation
preclude definitive conclusions. Furthermore, the observed
sex differences in growth trajectory, with more pronounced
early impairment and subsequent catch-up in females com-
pared to males, suggest potential differences in growth tim-
ing and maturation that merit further investigation in
longitudinal studies.

The marked growth impairment observed in early child-
hood, followed by a tendency toward partial recovery at
later ages, with an estimated prevalence of short stature of
approximately 20%, is consistent with previously published
data [3,6]. Lasprilla-Tovar et al [6]. reported a prevalence
of short stature of 56.2% in individuals with 22q11.2DS when
assessed using WHO reference charts; however, this preva-
lence decreased to 16.2% when 22q11.2DS-specific growth
charts were applied, underscoring the importance of using
tailored growth references for this population. Notably, the
lack of height recovery in males after two years observed in
the present study has not been previously described. Sex-
specific differences in weight trajectories were also identi-
fied. Females showed more pronounced weight deficits dur-
ing early childhood, followed by greater recovery at later
ages, whereas males exhibited a more stable pattern across
age groups. Although this pattern may suggest a relationship
between early nutritional status and subsequent growth
dynamics, including height trajectory, the present study
does not allow for causal inferences. It is plausible that early
feeding difficulties, which are common in individuals with
22q11.2DS, may differentially affect growth patterns
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=
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Figure 2 Comparative weight charts for individuals with 22q11.2DS (green) and CDC reference data (black) [12]: (A) females (red)

from birth to 24 months; (B) males (blue) from birth to 24 months; (C) females (red) from 2 to 17 years; (D) males (blue) from 2 to

17 years.

between sexes. These findings reinforce the importance of
considering sex-specific trajectories in the clinical assess-
ment of these patients.

A similar sex-specific pattern was observed for HC. Females
appeared to reach a plateau earlier than expected, whereas
males followed a trajectory closer to the reference population.
This finding should be interpreted with caution, as it may
reflect methodological limitations, including reduced sample
size in certain age groups. Nevertheless, the consistency of
this pattern supports its reporting, and further longitudinal
studies are needed to clarify its significance.

The mechanisms underlying this growth pattern remain
incompletely understood. With respect to growth impairment,
several authors suggest an interplay between intrinsic effects
of the chromosomal deletion and systemic complications asso-
ciated with the syndrome, acting independently or synergisti-
cally [2]. Feeding difficulties, which are typically more
pronounced in early childhood, are thought to negatively influ-
ence growth and have been associated with hypotonia, cleft
lip and palate, airway compromise, gastrointestinal dysfunc-
tion such as intestinal dysmotility, gastroesophageal reflux,
dysphagia, and chronic constipation, as well as chronic illness
and specific behavioral characteristics [1,3,5—7,9].

Congenital heart disease does not appear to significantly
interfere with growth [2]. Similarly, the impact of immuno-
deficiency on growth remains unclear. Ryan et al [5]. found
no significant differences in growth between individuals
with 22q11.2DS with and without immunodeficiency. The
most frequently reported endocrine abnormalities include

hypocalcemia and/or hypoparathyroidism, hypothyroidism,
hyperthyroidism, and obesity [3,6]. However, when these
conditions are identified and treated in a timely manner,
they do not appear to play a major role in growth
impairment [6,9]. Growth hormone deficiency is considered
rare in this syndrome [3].

This study has limitations inherent to the retrospective
collection of data from medical records; however, rigorous
data processing was undertaken to minimize these effects.
Additional limitations include the reduced number of meas-
urements in certain age groups, particularly among males,
and the insufficient data available to construct growth
charts for individuals aged 17 to 20 years.

Despite these limitations, this study provides Brazilian
growth charts for individuals with 22q11.2DS from birth to
17 years of age. These charts represent important tools for
more accurate clinical assessment, allowing better adjust-
ment of growth expectations, particularly during the first
two years of life, and facilitating recognition of appropriate
growth recovery after early childhood. Their use may help
reduce unnecessary investigations or delays in the evalua-
tion of growth deviations, thereby improving health care
delivery and quality of life for this population. In addition,
this study is the first to compare growth charts for individu-
als with 22q11.2DS with reference population data[12]
across the age range of 2 to 17 years. Previous work by
Guzman et al [9]. compared growth data from Chilean chil-
dren with 22q11.2DS aged birth to 24 months with WHO ref-
erence data.
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Figure 3  Comparative charts for individuals with 22q11.2DS and CDC reference data (black):[12] (A) head circumference, females

(red) from birth to 24 months; (B) head circumference, males (blue) from birth to 24 months; (C) BMI (kg/m?), females (red) from 2

to 17 years; (D) BMI (kg/m?), males (blue) from 2 to 17 years.

In conclusion, this study presents the first Brazilian
sex-specific growth charts for individuals with 22q11.2DS,
including weight-for-age, height-for-age, and head cir-
cumference—for-age from birth to 2 years, and weight-
for-age, height-for-age, and BMI-for-age from 2 to
17 years. These tools enable more realistic comparisons
within this population and support individualized care
strategies aimed at improving health outcomes and qual-
ity of life. It is expected that the use of these charts will
assist both families and health care professionals in the
clinical management of children and adolescents with
22q11.2DS.
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