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Canalization of growth between 2 and 5 years
of age in apparently healthy children with short stature
at age 2 years
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ABSTRACT

Introduction. Newborn size is associated with intrauterine conditions. Genetic potential is expressed
later; the canalization of growth is typically described up to 24 months of age.

Objective. To describe the canalization of growth between 2 and 5 years of age in apparently healthy
children with short stature at age 2 years.

Population and methods. Retrospective, cohort study. Children seen at a community teaching hospital
between 2003 and 2019, who had a Z-score for height below -2 SDs for age and sex at age 2 years were
included. Infants born preterm, with a low birth weight, and chronic conditions were excluded. Growth
patterns were assessed. Canalization was defined as reaching a normal stature for the general population.
Results. Sixty-four children were included; 37 (58%) showed canalization of growth at 5 years old (20 at
3 years, 8 at 4 years, and 9 at 5 years). The growth rate at 3 and 5 years of age was significantly higher
among those who showed canalization compared to those who did not; a similar trend was observed at
4 years of age. Among 27 children with short stature at 5 years of age, 25 had at least 1 annual growth
velocity below the 25th centile.

Conclusions. Most apparently healthy children with short stature at 2 years old reached a normal stature
at 5 years old. The annual growth velocity allows to detect children at risk of not showing canalization.
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INTRODUCTION

Growth during childhood is regulated by
multiple factors that interrelate in an intricate
manner. Newborn size is mainly a reflection of
intrauterine conditions. The genetic potential for
growth begins to be expressed in the postnatal
life. At around 2 years of age, most children are
positioned in a growth channel in accordance with
their genetic potential, a phenomenon known as
canalization.?® The classic concept of canalization
of growth at 2 years of age is based on studies
showing very low concordance between child
and parent size at birth, and substantial change
during childhood, with a correlation coefficient of
approximately 0.5 at 2—3 years.* After this period,
it is expected that the child’s growth curve will
remain within this growth channel if the child’s
health status is adequate.>¢

However, according to observations from
clinical practice in our setting, some children
mayreach their genetic channel at a later age.
Demonstrating the canalization of growth in
children between 2 and 5 years of age would
reduce family concerns and costs associated with
unnecessary ancillary tests and consultations. To
date, we have not found any study that addresses
this phenomenon.

The objective of this study was to describe
the canalization of growth between 2 and 5 years
of age in apparently healthy children with short
stature at age 2 years.

POPULATION AND METHODS

This was a retrospective cohort study in
children younger than 5 years of age followed-
up in a community teaching hospital between
January 1, 2003 and December 31, 2019. In
this hospital, pediatricians and subspecialists
care for children whose families have health
coverage through a private or a social heath care
insurance.

Children with short stature at age 2 years,
defined as a height Z-score below -2 standard
deviations (SDs) for age and sex, were included
using the growth standards established by the
World Health Organization (WHO) and the WHO
Anthro Software®, an anthropometric calculator.”®

The following exclusion criteria were defined:
lack of clinical follow-up (less than 1 assessment
per year during the first 5 years of life); prematurity
(less than 37 weeks of gestation); fetal growth
restriction (birth weight of less than 2500 grams
or below the 3™ percentile for gestational age);®
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low weight (weight-for-height Z-score below
-2 SDs), and chronic diseases (celiac disease,
hypothyroidism, chronic kidney disease, recurrent
bronchospasm requiring inhaled corticosteroids,
liver disease, heart disease, genetic syndromes,
cancer, and neurological or metabolic diseases)
at 2 years old.

Data were collected from electronic medical
records (EMRs), which includes an electronic
repository of controlled data based on the
SNOMED clinical terms. The completeness of
weight and height data in this registry is 72%,
which indicates a high quality registry.

In the absence of reliable data on parental
height, canalization was defined as reaching a
normal stature for the general population (Z-score
= -2 SDs) during the follow-up period. Height data
were considered at 2, 3, and 4 years £ 6 months,
and at 5 years £ 12 months, according to the
usual frequency of health checkups for healthy
children. For those with more than 1 annual height
measurement, the value obtained closest to 2, 3,
4, and 5 years of age was taken into account. The
annual growth velocity was assessed; a growth
velocity below the 25th centile for age and sex, was
considered suboptimal.’®!

The number of ancillary tests performed was
analyzed: general (hemoglobin, urea, creatinine,
alkaline phosphatase, calcium, phosphorus,
gamma globulin, urinary density, thyrotropin, anti-
transglutaminase and anti-gliadin antibodies),
specific (insulin-like growth factor-1 and
karyotype), stimulation tests (growth hormone
after stimulation tests), and imaging tests (X-ray of
the left hand and wrist, and computed tomography
and magnetic resonance imaging of the brain),
and the number of consultations with pediatric
subspecialties (endocrinology, genetics, nutrition,
and others related to the condition). The presence
of chronic diseases diagnosed between 2 and
5 years of age was assessed.

Categorical variables were expressed as
absolute values and percentage, and continuous
variables, as mean and SD. The 95% confidence
interval (Cl) was calculated when applicable. The
¥? test was used for the analysis of categorical
variables and the Wilcoxon test, for continuous
variables. A value of p < 0.05 was considered
significant. The statistical software package used
was Stata® 15.

The study was approved by the Ethics
Committee for Research Protocols of the
institution (no. 5125).



RESULTS

A total of 231 children with short stature at
2 years of age were identified; 94 had been born
preterm or had fetal growth restriction, 69 had
been diagnosed with a chronic disease, and 4
had a record of low weight for height; they were all
excluded. A total of 64 apparently healthy children
with a height Z-score below -2 SDs at 2 years of
age were included; 38 were males.

Table 1 and Figure 1 show the annual height
measurements beween 2 and 5 years of age.
Canalization was observed between 2 and
5 years of age in 37/64 children (58%, 95% ClI:
43-70). The difference in the Z-score between
the measurement at 2 and 5 years was 0.68 SD
(95% CI: 0.5-0.9, p < 0.01). No significant
differences were observed in terms of sex. The
median time until canalization was reached was
36 months (95% CI: 23-43). Out of 37 children
who canalized, 20 did at 3 years; 8, at 4 years;
and 9, at 5 years.

The annual growth velocity (mean + SD) in the
group with and without canalization was 9.7 £ 3
and 7.4 £ 1.1 cm/year at 3 years (p < 0.01),
7+22and6.7 £ 1.9 cm/year at 4 years (p = 0.4),
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and 7.5+ 1.7 and 5.7 £ 0.9 cm/year at 5 years
(p < 0.01), respectively. Out of 27 children who
did not reach canalization, 25 had at least a period
of suboptimal growth rate during the study. The
analysis of the growth pattern of the 2 remaining
children showed that the height Z-score in 1 of
them was -3.6 SDs at the beginning of the study,
and height at 5 years of age showed a 1.4-point
gain (Z-score: -2.2 SDs); the other child reached
a height Z-score of -2.03 SDs, and this was
not considered canalization as per the study
definitions.

In relation to clinical course, 1 of the children
was diagnosed with growth hormone deficiency
at 5 years of age and showed abnormal growth
rates and a short stature at 5 years. No other
endocrine or general conditions were observed
in either group (short stature at 5 years and late
canalization) during the study period.

Table 2 shows the number of consultations
and tests performed. Among children with short
stature at age 5 years, a higher number of general
tests and consultations with subspecialists were
carried out than among those with canalization
of growth.

Table 1. Height (mean * SD) and height trajectory in apparently healthy children at 2 years of age (n = 64)

Parameters 2 years 3 years 4 years 5 years
Age (months), mean + SD 243+25 36.3+24 47527 59.7 £ 5.1
Height (Z-score), mean + SD -248 £ 0.4 -2.12+0.6 -2+0.6 -1.79+£0.7
Short stature, n (%) 64 (100) 44 (69) 36 (56) 27 (42)

SD: standard deviation.

Figure 1. Height in apparently healthy children at 2 years of age (n = 64). Height Z-score as per annual

measurements
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DISCUSSION

In this study, more than half of the children
with short stature at 2 years of age showed
growth canalization and reached a standard
stature for their age and sex at age 5 years.
Short stature is often a cause for concern for
families and pediatricians. However, some healthy
children may require a few months or years longer
than what has been typically described to achieve
a normal stature, without intervention.

In a cohort of more than 10 000 healthy
children, it was observed that 2% to 10% of
them had crossed 2 or more height percentiles
between 24 and 60 months of age; this finding
may be due, at least in part, to the canalization
of growth at a later age."? It would be very useful
to have further studies looking at factors that
may predict this phenomenon. According to the
results of this study, the lack of canalization at
4 years of age could be considered a risk factor.
In a recent article, Lejarraga described that girls
have a greater tendency to remain in the same
growth channel compared to boys.® In our sample,
no differences were observed between sexes in
terms of canalization of growth.

There is a group of children who experience a
delay in the transition from growth during infancy
to childhood in association with circumstances
such as malnutrition, chronic diseases or
unfavorable socioeconomic conditions.'*"s Unlike
what occurs at other ages, this phenomenon
is not followed by a phase of catch-up growth
and could have an irreversible impact on final
stature.'® The identification of factors that allow
differentiating children with canalization of growth
between 2 and 5 years of age from those with
other conditions with potential impact on their
final stature would allow designing strategies
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to prevent this consequence. In this regard, the
findings of this study continue to underscore the
importance of growth velocity as a key guide to
differentiate normal from pathological growth."”
The vast majority of children with short stature at
5 years of age had at least a suboptimal growth
velocity between 2 and 5 years old. The analysis
of the 2 cases with an adequate growth rate
revealed that these children showed a clinically
substantial catch-up growth (not suggestive of
underlying diseases), although their height was
not sufficient to consider canalization of growth.
As noted in the medical literature, children with
height Z-scores below -3 SDs may require a more
comprehensive initial assessment.'®°

When seeing a child with short stature,
pediatricians face the challenge of establishing
whether this is a normal variant or a sign of a
disease, which in many cases requires ordering
other tests and subspecialty consultations.?%2
Not surprisingly, this study showed a wide variety
of ancillary tests performed and a significant
number of children were assessed by pediatric
subspecialists. It is interesting to note that children
who did not canalize underwent a higher number
of tests than those who did. This is consistent
with pediatricians’ interest in trying to findx for
underlying diseases, with greater emphasis on
those who did not exhibit the expected growth.
However, despite these efforts, the cause of short
stature and lack of canalization of growth has not
been elucidated. Most likely, some cases may
be explained by entities that are not observed
in laboratory tests, such as psychosocial growth
retardation.?>% It would be important to generate
a multidisciplinary discussion to review the
approach to the assessment of growth in these
children in their prenatal stage and their first
2 years of life.

Table 2. Number of tests and consultations carried out in apparently health children with short stature

Tests and consultations Children with short stature Children with canalization p value*
at 5 years of age of growth at
(n=27) 5 years of age
Mean = SD (n=37)
Mean £ SD

General tests 7.7+6.7 42+58 <0.01
Specific tests 0.1+04 0.08 £0.3 0.6
Function tests 0.1+04 0.05+0.3 0.3
Imaging tests 04+0.6 0.1+0.3 0.02
Subspecialty consultations 3.4+35 14+£25 <0.01

* X2 test.



In addition, the systematic request of specific
ancillary tests or consultations in children with
short stature may not be justified. A retrospective
analysis of more than 1300 children with short
stature showed a 1.3% incidence of disease in
children whose history and physical examination
did not show any findings.?* This study found
a high percentage of children who showed
canalization of growth between the ages of 2
and 5 and also the absence of new diagnoses
of underlying diseases in children with a normal
growth velocity. Based on these findings
and on similar studies in other populations,
it would be possible to consider a change in
the assessment of children with short stature.
When a comprehensive history taking and
clinical assessment at 2 years of age rule out
the presence of disease indicators, it would be
reasonable to continue clinical follow-up for a few
years, with potential positive consequences in
relation to health care system access and costs,
and less stress for children and their families.

It should be noted that this study excluded
children who had been born preterm, had a
low birth weight or chronic diseases at 2 years
of age. These groups are at increased risk for
a dexlay in the transition from growth during
infancy to childhood.'™ When indicators of
underlying disease are present, an early diagnosis
and intervention are necessary to prevent
consequences in final stature.?® In addition, it
is also worth considering that the population of
this community teaching hospital has favorable
socioeconomic characteristics, and that food
insecurity and adverse socioeconomic conditions
are also risk factors for growth retardation.'®

Catch-up growth in children with fetal growth
restriction has been extensively studied. Although
it is usually described up to 2 years of age,
as in the general population, a percentage of
these children canalize at 3 years, and a smaller
proportion do so even later.?628 In this study,
exclusion criteria were based on birth weight
—regardless of knowledge of intrauterine growth
trajectories—. Therefore, some patients with a
birth weight in the normal range and growth
disorders in the last trimester could have been
included, which may account for the postnatal
catch-up growth observed in some children.
Likewise, although the presence of diseases or
low weight at 2 years of age in these children
undergoing pediatric follow-up were considered
exclusion criteria, it is possible that some of these
apparently healthy children had short stature due
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to growth retardation in the first 2 years of life of
unknown cause. If such unapparent damage had
subsequently resolved, reaching a normal stature
between 2 and 5 years old in these children could
be due to catch-up growth following a period of
growth retardation.?®

This study has a series of limitations. First of
all, due to its retrospective nature and the fact
that analyzed data were obtained from an EMR, it
was not possible to study parental height—key for
interpreting children’s growth. Secondly, the growth
curve of these children during the first 2 years
of life, which could provide information on the
cause of lack of canalization, was not analyzed. In
addition, although our sample reflects the pediatric
population receiving care in a community teaching
hospital, it was relatively small. Lastly, long-term
studies are required to demonstrate if children
reached a normal final height. However, this study
may provide valuable information to consider the
timing of canalization of growth in apparently
healthy children.

CONCLUSIONS

Most apparently healthy children with short
stature at 2 years old reach canalization of growth
before 5 years old. The annual growth velocity
allows to identify children at risk of not showing
canalization. ®

REFERENCES

1. Murphy VE, Smith R, Giles WB, Clifton VL. Endocrine
regulation of human fetal growth: the role of the mother,
placenta, and fetus. Endocr Rev. 2006; 27(2):141-69.

2. Karlberg J. On the construction of the infancy-childhood-
puberty growth standard. Acta Paediatr Scand Suppl. 1989;
356:26-37.

3. Smith DW, Truog W, Rogers JE, Greitzer LJ, et al. Shifting
linear growth during infancy: illustration of genetic factors
in growth from fetal life through infancy. J Pediatr. 1976;
89(2):225-30.

4. Tanner JM. Factors affecting rate of growth. In: Tanner JM.
Growth at adolescence. 2™ ed. London: Blackwell; 1962.
Pages.81-155.

5. Lejarraga H. Diferencias de sexo en la canalizacién del
crecimientoy del desarrolloinfantil: un ejemplo de regulacion
genética. Arch Argent Pediatr. 2021; 119(5):e473-9.

6. DeWitCC, Sas TC, WitJM, Cutfield WS. Patterns of catch-
up growth. J Pediatr. 2013; 162(2):415-20.

7. World Health Organization. Child growth standards.
[Accessed on: October 3¢, 2021]. Available at: https://
www.who.int/tools/child-growth-standards/standards

8. World Health Organization. The WHO Anthro Software.
[Accessed on: October 3¢, 2021]. Available at: https://
www.who.int/toolkits/child-growth-standards/software

9. Beune IM, Bloomfield FH, Ganzevoort W, Embleton ND,
et al. Consensus Based Definition of Growth Restriction
in the Newborn. J Pediatr. 2018; 196:71-6.e1.

10. Tanner JM, Davies S. Clinical longitudinal standards for
height and height velocity for North American children. J



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pediatr. 1985; 107:317-29.

Capitulo 2. Graficos y percentilos y puntaje Z. In: Comité
de Crecimiento y Desarrollo. Guia para la evaluacion
del crecimiento fisico. 3.2 ed. Buenos Aires: Sociedad
Argentina de Pediatria; 2013.Pages 36-97. [Accessed
on: April 14", 2022]. Available at: https://www.sap.org.ar/
docs/publicaciones/libro_verde_sap_2013.pdf

Mei Z, Grummer-Strawn LM, Thompson D, Dietz WH. Shifts
in percentiles of growth during early childhood: analysis
of longitudinal data from the California Child Health and
Development Study. Pediatrics. 2004; 113(6):617-27.
Victora C G, de Onis M, Hallal PC, Bléssner M, Shrimpton R.
Worldwide timing of growth faltering: revisiting implications
for interventions. Pediatrics. 2010; 125(3):e473-80.

Liu YX, Jalil F, Karlberg J. Growth stunting in early life in
relation to the onset of the childhood component of growth.
J Pediatr Endocrinol Metab. 1998; 11(2):247-60.
Hochberg Z, Albertsson-Wikland K. Evo-devo of infantile
and childhood growth. Pediatr Res. 2008; 64:2-7.
Hochberg Z. Evo-devo of child growth II: human life history
and transition between its phases. Eur J Endocrinol. 2009;
160(2):135-41.

Lindsay R, Feldkamp M, Harris D, Robertson J, Rallison M.
Utah Growth Study: growth standards and the prevalence
of growth hormone deficiency. J Pediatr. 1994; 125(1):29-
35.

Lacey KA, Parkin JM. Causes of short stature. Acommunity
study of children in Newcastle upon Tyne. Lancet. 1974;
1(7846):42-5.

Kaplowitz P, Webb J. Diagnostic evaluation of short children
with height 3 SD or more below the mean. Clin Pediatr
(Phila).1994; 33(9):530-5.

Barstow C, Rerucha C. Evaluation of Shortand Tall Stature
in Children. Am Fam Physician. 2015; 92(1):43-50.

Original article / Arch Argent Pediatr 2023;121(1):e202202567

21.

22.

23.

24.

25.

26.

27.

28.

29.

Corripio-Collado R, Fernandez-Ramos C, Gonzalez-
Casado |, Moreno-Macian F, et al. Delphi consensus on
the diagnosis and treatment of patients with short stature
in Spain: GROW-SENS study. J Endocrinol Invest. 2022;
45(4):887-97.

Lejarraga H, Breitman F. Growth failure during the first two
years of life. In: Hermanussen M (ed). Auxology: Studying
Human Growth and Development. Stuttgart: Schweizerbart;
2013.Pages.54-5.

Breitman F, del Pino M, Fano V, Lejarraga H. Crecimiento
de lactantes con retardo del crecimiento no organico. Arch
Argent Pediatr. 2005; 103(2):110-7.

Sisley S, TrujilloMV, Khoury J, Backeljauw P. Lowincidence
of pathology detection and high cost of screening in the
evaluation of asymptomatic short children. J Pediatr. 2013;
163(4):1045-51.

Haymond M, Kappelgaard AM, Czernichow P, Biller BM,
et al. Early recognition of growth abnormalities permitting
early intervention. Acta Paediatr. 2013; 102(8):787-96.
Karlberg JP, Albertsson-Wikland K, Kwan EY, Lam BC,
Low LC. The timing of early postnatal catch-up growth in
normal, full-term infants born short for gestational age.
Horm Res. 1997; 48(Suppl 1):17-24.

Karlberg J, Albertsson-Wikland K. Growth in full-term
small-for-gestational-age infants: from birth to final height.
Pediatr Res. 1995; 38(5):733-9. Erratum in: Pediatr Res.
1996; 39(1):175.

Itabashi K, Mishina J, Tada H, Sakurai M, et al. Longitudinal
follow-up of height up to five years of age in infants born
preterm small for gestational age; comparison to full-term
small for gestational age infants. Early Hum Dev. 2007,
83(5):327-33.

Prader A, Tanner JM, von Harnack G. Catch-up growth
following illness or starvation. An example of developmental
canalization in man. J Pediatr. 1963; 62:646-59.





