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Background: The growth of youth with Down syndrome (DS) differs from that of youth without DS, and
growth charts specific to DS have been developed. However, little is known about the growth of Brazilian
youth with DS. The objective of this study was to construct growth charts for Brazilian youth with DS and
compare the growth data with the Child Growth Standards of the World Health Organization (WHO) and
charts for children with DS from other studies.
Methods: Mixed longitudinal and cross-sectional data were collected at University of Campinas, 48
specialized centers for people with intellectual disabilities, and two foundations for people with DS
between 2012 and 2015. A total of 10,516 growth measurements from birth to 20 years of age were
available from 938 youth with DS (53.7% boys) born between 1980 and 2013. The Lambda Mu Sigma
method was applied to construct the curves using generalized additive models for location, scale, and
shape.
Results: Length/height-for-age, weight-for-age, and head circumference-for-age percentile curves were
generated for Brazilian boys and girls from birth to 20 years of age. Differences in growth of Brazilian
youth ranged from �0.8 to �3.2 z-scores compared to WHO standards, and �1.9 to þ1.3 compared to
children with DS in other studies.
Conclusions: These specific growth charts may guide clinicians and families in monitoring the growth of
Brazilian children and adolescents with DS.

© 2017 The Authors. Publishing services by Elsevier B.V. on behalf of The Japan Epidemiological
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Down syndrome (DS) is a chromosomal disorder with preva-
lence estimates ranging from 6.1 to 13.1 per 10,000 people.1,2

Children with DS have different growth patterns compared to
children without DS.3,4 Abnormal bone development is the most
common feature and is hypothesized to be regulated by genetic
factors.5 A review showed that stature of children with DS was
0.4e4.0 standard deviations below that of children without DS.6
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This growth restriction has led to the development of specific
growth charts for children with DS around the world.6e9 Specific
growth charts are essential for guiding clinicians and families in
monitoring the growth of infants, children, and adolescents with
DS from different racial and ethnic backgrounds.

The Brazilian Ministry of Health recommends using the growth
charts by Mustacchi10 for Brazilian children with DS aged 0e24
months.11 These growth charts were developed in a sample of
children with DS born before 2000. Studies around the world show
a secular trend in growth, especially for weight status,12,13 so
updated growth charts may be needed. Furthermore, the previous
charts for Brazilian children were developed with a relatively small
sample using exclusively retrospective data from a single commu-
nity. For Brazilian youth with DS older than 2 years and up to 18
years of age, the Brazilian Ministry of Health11 recommends using
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the growth charts by Cronk et al,14 which were developed for
American youth with DS; however, these charts may not represent
the growth of Brazilian youth with DS. In addition, they date back to
the 1980s, and their overall applicability has been questioned.15

Importantly, there is a need to construct updated growth charts
for Brazilian youth with DS employing newer and more accurate
statistical methods for constructing growth curves. Taken together,
these data suggest that new growth charts are necessary because
previously developed references may not be representative of the
present growth of infants, children, and adolescents with DS in
Brazil.

Existing charts for children in the general population devel-
oped by the World Health Organization (WHO) and charts for
children with DS in other countries may not be representative of
the growth of Brazilian youth with DS. Past research has shown
that the WHO growth standards may underestimate the growth of
youth with DS,9 but the extent to which this applies to Brazilian
youth with DS is not known. Furthermore, Brazil is a large and
developing multi-cultural country with a population differing
from that of other countries in racial, ethnic, and economic
backgrounds. Children from low- and middle-income countries
are more likely to show higher prevalence of growth restriction
and stunting.16 Therefore, the growth of Brazilian youth with DS
may differ from those of youth with DS in other countries; how-
ever, this has not been empirically examined. More research is
needed to examine whether previously developed standards
reflect the current growth of Brazilian youth with DS.

The objective of this study was to construct length/height-for-
age, weight-for-age, and head circumference-for-age growth
charts specifically for Brazilian youth with DS from birth to 20
years. We also compared the growth data with the WHO Child
Growth Standards, and specific growth charts for youth with DS of
other studies.

Materials and methods

Participants

We derived data from youth with DS using two approaches: (a)
by actively recruiting participants; and (b) by retrospectively
examiningmedical records. Active recruitmentof youthwithDS and
examination of retrospective medical records occurred at several
sites across the State of S~ao Paulo, Brazil. Participating siteswere the
University of Campinas, 48 specialized centers for people with in-
tellectual disabilities, and two foundations for people with DS. The
State of S~ao Paulohas an estimatedpopulation of 44,035,304 people,
or 21.7% of the total population of Brazil. The sites were selected to
represent distinct geographic regions of State of S~ao Paulo, with
population composition similar to that of the total Brazilian popu-
lation in terms of racial and ethnic backgrounds.We included in the
sample individuals who had complete data for weight, height,
birthdate, and trisomy 21 karyotype. We excluded children who
were born very prematurely (before 32 weeks of gestation).

Standard protocol approvals

The study protocol was approved by the research ethics com-
mittee of the University of Campinas. All parents or guardians of
participants with DS provided written informed consent.

Data collection

A mixed longitudinal and cross-sectional study was carried out
between 2012 and 2015. Retrospective data were collected at all
sites mentioned above. We used existing medical records, which
were supplemented in part with an interview with parents or
guardians to confirm the following variables: birthdate, age, sex,
skin color, gestational age, comorbidities, weight, length/height,
and head circumference. All parents/guardians we interviewed
maintained and confirmed the growth records of their children. In
addition, we used medical records from the sites, which had
permission to use the data for research; in those cases, we could not
confirm the medical records from the parents/guardians. Prospec-
tive growth data were collected from the sites a total of three times
in years 2012, 2013, and 2014. Anthropometric measurements were
conducted by trained testers using standardized procedures.17

Youth were measured without shoes and wearing light clothes.
Measurements were taken at four sites used standard equipment.
Height was measured with a stadiometer (E210; Wiso®, Santa
Catarina, Brazil). Weight was measured with a digital scale (W801;
Wiso®, Santa Catarina, Brazil). Head circumference was measured
with a non-stretch tape.
Data screening and analyses

We used data points at monthly intervals for youth aged 0e36
months, and at annual intervals for youth aged 3e20 years. We
performed data screening in several phases. First, we excluded
duplicated data based on identification code, birthdate, and
measurement date. Second, we removed data points when values
were five standard deviations above or below the mean. Third,
we excluded data points demonstrating loss of height over time.
Fourth, we identified and corrected transcription errors by
reexamination of personal source data or medical records. A total
of 137 measurements (1.3%) were excluded from the data
cleaning.

Growth charts were developed using the generalized additive
models for location, scale, and shape package in R software (R
Foundation for Statistical Computing, Vienna, Austria).18 In con-
structing the growth charts for weight-for-age, length/height-for-
age, and head circumference-for-age, we generated percentiles
ranging from the 97th to the 3rd. Goodness of fit was checked using
worm plots. The Lambda Mu Sigma (LMS) method was selected as
the most appropriate to smooth the growth curves.19 LMS is a
transformation of skewness (L), median (M), and coefficient of
variation (S).

We calculated z-scores to compare our growth data to the WHO
standards20,21 and to those previously developed for youth with DS
of other countries, including the Netherlands, Portugal, United
States, and United Arab Emirates,7,9,22,23 for which data were
available. We also compared our growth data with those of Bra-
zilian youth with DS previously published by Mustacchi (2002).10

When the L, M, and S values were available, we calculated z-
scores as:

Z ¼
h
ðX=MÞL � 1

i.
L*S;

where X is the observed measurement (weight, length/height or
head circumference). When the L, M, and S values were not avail-
able, the following equation was used:

Z ¼ ðX �MÞ=SD;

where X is the observedmeasurement, M is the mean, and SD is the
standard deviation; M and SD were obtained from age-specific
growth standards. Multilevel regression models were performed
to examine the effects of comorbidities, year of birth, gestational
age, and data source (prospective vs. retrospective data) on the
growth of individuals with DS.
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Results

Sample description

The sample consisted of youth with DS aged 0e20 years born
between 1980 and 2013. All children lived with their families. A
total of 4 infants whowere born very prematurely (before 32weeks
of gestation) were excluded. The percentage of prospectively
collected data and data extracted from medical records was 10%
and 90%, respectively. A total of 10,516 growth measurements
(weight ¼ 4723; length/height ¼ 4440; head circumference ¼ 1353
data points) from birth to 20 years of age were available from 938
youth with DS (53.7% boys) born between 1980 and 2013. The
characteristics of Brazilian children with DS from birth to 20 years
of age are presented in Table 1.

Growth curves

Percentiles curves for Brazilian boys and girls with DS aged
0e20 years were generated for weight-for-age, length/height-for-
age, and head circumference-for-age (Figs.1e10). The subset of data
from medical chart reviews had significantly greater Z-scores for
weight compared with the prospectively collected data (p ¼ 0.01);
Table 1
Characteristics of Brazilian boys and girls with DS from birth to 20 years (n ¼ 938).

Number of subjects (number of
measurements)

Boys Girls

Age, months
Birth 192 (490) 173 (445)
1e6 124 (979) 110 (990)
7e12 104 (667) 99 (770)
13e18 94 (441) 81 (411)
19e24 90 (355) 74 (309)
25e30 85 (263) 68 (193)
31e36 72 (205) 56 (171)
Age, years
3e4 118 (367) 103 (337)
5e6 99 (282) 80 (234)
7e8 103 (302) 78 (227)
9e10 104 (301) 79 (219)
11e12 102 (296) 66 (184)
13e14 100 (268) 75 (194)
15e16 77 (181) 56 (154)
17e18 66 (144) 41 (95)
19e20 39 (83) 26 (62)

Number of measurements Subjects, %e

Boys Girls

1 42.2 37.7
2e5 29.9 34
6e10 12.3 8.4
11e20 11.6 15.5
21e32 4 4.4
Infant skin colora

White 70.5 69.8
Black 4.3 7.7
Gestational ageb

33e36 weeks 16.2 13
�37 weeks 39.6 50
Comorbidities
Heart diseasec 26 28.8
Heart surgery 7.8 13.9
Hypothyroidismd 19.2 29.2

a A total of 224 subjects (23.9%) were missing data.
b A total of 383 subjects (40.9%) were missing data.
c A total of 217 subjects (23.2%) were missing data.
d A total of 175 subjects (18.7%) were missing data.
e Percentage of subjects who were measured on one or more occasion.

Fig. 1. Weight-for-age percentile curves for Brazilian boys with Down syndrome from
birth to 36 months of age. Age is reported in months.

Fig. 2. Weight-for-age percentile curves for Brazilian girls with Down syndrome from
birth to 36 months of age. Age is reported in months.



Fig. 3. Length/height-for-age percentile curves for Brazilian boys with Down syn-
drome from birth to 36 months of age. Age is reported in months.

Fig. 4. Length/height-for-age percentile curves for Brazilian girls with Down syndrome
from birth to 36 months of age. Age is reported in months.

Fig. 5. Head circumference-for-age percentile curves for Brazilian boys with Down
syndrome from 0 to 24 years of age. Age is reported in months.

Fig. 6. Head circumference-for-age percentile curves for Brazilian girls with Down
syndrome from 0 to 24 years of age. Age is reported in months.
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Fig. 7. Weight-for-age percentile curves for Brazilian boys with Down syndrome from
3 to 20 years of age. Age is reported in years.

Fig. 8. Weight-for-age percentile curves for Brazilian girls with Down syndrome from
3 to 20 years of age. Age is reported in years.

Fig. 9. Height-for-age percentile curves for Brazilian boys with Down syndrome from 3
to 20 years of age. Age is reported in years.

Fig. 10. Height-for-age percentile curves for Brazilian girls with Down syndrome from
3 to 20 years of age. Age is reported in years.

F. Bertapelli et al. / Journal of Epidemiology 27 (2017) 265e273 269
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however, there was no difference in height z-scores (p ¼ 0.73). We
found a non-significant effect of year of birth on growth of children
with DS (p > 0.05). The growth patterns of children with DS born
33e36 weeks of gestation were not significantly different than
those children born �37 weeks (p > 0.05). Growth of healthy
children with DS and those with congenital heart defects and hy-
pothyroidism showed no difference in mean height, weight, or
head circumference Z-scores (p > 0.05). Fig. 11 shows the differ-
ences in length/height of Brazilian youth with DS that ranged
from �1.1 to �3.2 z-scores compared to WHO standards, and �1.7
toþ1.3 z-scores compared to childrenwith DS of other studies. The
average differences between our sample and WHO standards were
3 cm for birth and 20 cm for final height. Fig. 12 shows the differ-
ences in mean weight that ranged from �0.8 to �1.4 z-scores
compared to WHO standards, and �0.8 to þ1.0 compared to chil-
dren with DS of other studies. Head circumference z-scores ranged
from �1.0 to �1.9 compared to WHO standards, and �1.0 to þ1.2
compared to children with DS of other studies (Fig. 13).
Discussion

In this study, we developed length/height, weight, and head
circumference growth charts for Brazilian youthwith DS aged 0e20
years. We also found differences in length/height, weight, and head
circumferences z-scores between our sample, WHO standards, and
specific growth charts for youth with DS of other studies. These
results have implications for monitoring growth in Brazilian youth
with DS.
Fig. 11. Mean length/height z-scores of the present Brazilian boys and girls with Down syn
Down syndrome from Portugal (PT), Netherlands (NL), Brazil (BR), United States (US), and Un
cover 3e19 years of age. Negative z-scores indicate that the present sample had lower sco
The growth levels of the present youths with DS were well
below those described by WHO standards at all developmental
phases: fetal, infant, childhood, and pubertal. Different results were
expected, but the extent was unknown. The growth restriction is
possibly linked to genetic factors. This proposition is supported by
ultrasound bone measurements at 11e14 weeks of gestation
showing short femur lengths in fetuses with trisomy 21.24

Abnormal bone development in trisomy 21 is thought to origi-
nate from genotypeephenotype interaction during embryonic
development.5 The differences between our sample and the WHO
norms varied by age, with a large standard deviation score occur-
ring during the first months of life. The divergence in the average of
height-for-age was pronounced at 12e15 years and continued to
increase, reaching its greatest level at 17e19 years, resulting in a
mean 20 cm below that of the general population. These findings
are supported by previous research showing that individuals with
DS grow more slowly compared to individuals without DS.7,9 It has
been suggested that growth restriction in adolescents with DS may
result from differences in bone age25; however, the pubertal
growth d an important period of human development26 d is not
known for youth with DS. In summary, the Brazilian youth with DS
composing our sample were shorter in comparison to WHO stan-
dards for youth without DS. Although genotypeephenotype inter-
action has been suggested to contribute to the growth of children
with DS, its mechanisms remains unknown.

The present boys and girls with DS who were younger than 15
months had lower weights than those predicted by the WHO
standards. Length restriction and feeding difficulties may explain
these lighter weights of infants with DS in this developmental
drome in comparison to WHO standards and previously published growth charts for
ited Arab Emirates (UAE). The top panels cover 0e24 months of age. The bottom panels
res compared to growth data from the other studies.



Fig. 12. Mean weight z-scores of the present Brazilian boys and girls with Down syndrome aged 0e15 months in comparison to WHO standards and previously published growth
charts for Down syndrome from Portugal (PT), Netherlands (NL), Brazil (BR), and United States (US). Negative z-scores indicate that the present sample had lower scores compared
to growth data from the other studies.

Fig. 13. Mean head circumference z-scores of the present Brazilian boys and girls with Down syndrome aged 0e24 months in comparison to WHO standards and previously
published growth charts for Down syndrome from Brazil (BR), Portugal (PT), and United States (US). Negative z-scores indicate that the present sample had lower scores compared
to growth data from the other studies.
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stage. In a retrospective cohort study, fetuses with DS who had
isolated short femur were more likely to have low birth weight.27

Examining birth weights of 8825 infants with DS born in England
and Wales between 1989 and 2010, Morris et al28 reported that
babies with DS were lighter than those without DS. Increased risks
of low birthweight are known to be mediated by a number of risk
factors, such as poor placentation due tomaternal age older than 35
years.29 It is also possible that the mean weight of infants with DS
might be affected by early feeding difficulties associated to hypo-
tonia, chronically open mouth, and oral motor dysfunction.30,31

Overall, infants with DS were lighter than infants without DS, and
this restricted weight may be linked to length faltering and feeding
difficulties.

This study found differences in mean length/height, weight, and
head circumference compared to youth with DS of other studies.
We found that themean length z-scores were close to zero between
studies during the first 24 months. Two other studies have also
examined the growth patterns of children with DS from the
different countries in the first months of life. A study carried out
with 434 Egyptian children with DS aged 0e36 months found that
the mean length of those children was not significantly different
from that previously reported for Egyptian children with DS.3

Another large longitudinal study found that Turkish children with
DS had no significant difference in length compared to Portuguese
children with DS aged 0e3 years.4 The slight difference in mean
length z-scores between our sample and those from other studies
suggests that genetic factors may have a small influence on linear
growth of those individuals with DS in the first months of life. We
also found that the height of children with DS aged 3e13 years in
our samplewas slightly different from that of childrenwith DS from
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the other studies. However, our study showed that the mean height
of Brazilian boys and girls was well below that of their Dutch
counterparts aged 14e19 years. Style et al32 also found a similar
growth pattern among children with DS from different countries
across age. They reported that height centiles between British and
American children with DS were slightly different at ages 3e12
years, and children with DS from the United States aged >12 years
had lower height those from the United Kingdom. In contrast, we
found that the mean height z-scores of our sample were close to
zero when compared to American adolescents with DS at ages
12e19 years. The differences between our sample and Dutch ado-
lescents with DS could be attributed to genetic variations. It has
been suggested that the height of Dutch childrenwith DS is likely to
be higher than those of children with DS of other countries.22

The main difference between our data and those previously
published byMustacchi10 on Brazilian childrenwas that our sample
of boys had higher weight during the first months of life. We also
found that the mean head circumference of our sample of boys was
higher than Mustacchi charts. The difference between our data and
those of Mustacchi is likely due to issues related to study design.
The Mustacchi charts were developed in a sample of children with
DS exclusively born before 2000. Although we could not find any
effect of birthyear on growth in the current study, further research
is needed to examine secular trend in growth between populations
with DS. Studies around the world show a secular trend in growth,
especially for weight status12,13 d the probability exists that youth
with DS who live in the same environment have followed this
trend. In addition, the previous charts by Mustacchi were devel-
oped with a relatively small sample using exclusively retrospective
growth data from a single community. In summary, the differences
in growth between our sample and those from the other studies
cannot be directly inferred from the present results; however, it
may partly be due to issues related to study design as well as ge-
netic and environmental differences between studies.

These gender-specific growth charts have clinical implications
for monitoring growth in Brazilian youth with DS aged 0e20 years.
The Brazilian Ministry of Health11 recommends using the charts by
Mustacchi10 for Brazilian infants with DS aged 0e24 months, and,
for youth aged 2e18 years, it recommends the growth charts by
Cronk et al,14 which were originally developed for American youth
with DS. However, these charts may not be representative of the
growth of Brazilian youth with DS. For example, the Mustacchi
chart10 would classify a 3 months-old male infant with a length of
56 cm at the 50th percentile, whereas our chart would classify this
infant at the 25th percentile. Furthermore, graphical inspection of
the height percentiles chart by Cronk et al14 indicates similar per-
formance. For example, a 36months-old boy with a height of 86 cm
would be classified at the 50th percentile by the Cronk chart14 but
below the 25th percentile based on our chart for height. Such
discrepancies could be avoided by using the present growth charts,
which also allow for continuous monitoring from 0 to 20 years of
age. Therefore, the new charts will allow clinicians and families to
monitor the growth of Brazilian youth with DS throughout the
developmental years.

The following limitations of this study should be considered.
First, the data from medical records were not obtained with stan-
dardized techniques, and this could lead to measurement errors.
Second, we did not recruit participants from sites throughout
Brazil, but from a single state. It should be considered, however,
that the State of S~ao Paulo has a population composition similar to
the total population of Brazil in terms of racial and ethnic back-
grounds. Finally, these growth charts do not accurately reflect the
full genetic growth potential of children with DS because they are
not based exclusively on a healthy sample of youth. This study also
had strengths. First, we had a large sample size. Second, we had
data for youth aged 0e20 years, thus covering the full range of
development. Finally, we conducted a thorough cleaning process
for measurements errors and influential observations.

Conclusion

In conclusion, the growth of Brazilian youth with DS differs from
growth references established by WHO, and from the growth of
youth with DS described in other studies. These new specific
growth charts may guide clinicians and parents in the evaluation
and management of the growth of Brazilian children and adoles-
cents with DS.
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