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Abstract

This study aims to provide data on the longitudinal growth
of head circumference during early childhood in
internationally adopted girls and to determine whether this
growth is related to the adoption age. A prospective
observational study was conducted on a cohort of 150
internationally adopted girls in Spain between 2001-2017
whose growth was monitored in a specialized reference
center. The girls were divided into three groups based on
their age at the time of adoption: Up to 12 months (n = 52),
between 13-24 months (n = 50), and between 25-48 months

standards were used to compare mean values, using the
WHO Anthro v3.2.2 program. Statistical analysis was
carried out using One-way ANOVA Tukey's HSD test and
Pearson's correlation coefficient, with a significance level of
p < 0.05. We found that the head circumference at the time
of adoption was significantly delayed. However, the delay
degree was not significantly correlated with the adoption
age. Furthermore, the growth pattern after adoption showed
a slow and incomplete recovery, regardless of the age at
which the adoption took place.

(n = 48). The World Health Organization child growth
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Introduction

Internationally adopted children often experience adverse factors that can impede brain growth, such as early neglect and
malnutrition I 2. Brain development during early childhood is crucial for cognitive abilities later in life. Measuring head
circumference can help assess brain growth and provide a useful indicator of a child's health and development Bl This study
aims to provide data on the longitudinal growth of head circumference during early childhood in a group of internationally
adopted girls and to determine whether this growth is related to the adoption age.

Material and Methods

A prospective observational study was conducted on a cohort of 150 internationally adopted girls in Spain between 2001 and
2017 whose growth was monitored in a specialized reference center. The girls were divided into three groups based on their
age at the time of adoption: Up to 12 months (n = 52), between 13-24 months (n = 50), and between 25-48 months (n = 48).

In the initial evaluation after adoption and the semiannual controls until reaching the age of 5, within a comprehensive clinical
follow-up, the head circumference was measured using an inextensible millimeter measuring tape in a standardized way and
always by the same professional. The head circumference measurements were recorded in an Excel sheet, and the mean and
standard deviation (SD) were calculated.

Using the WHO Anthro v3.2.2 program, the mean values were compared with the World Health Organization (WHO) child
growth standards calculating the z-score and percentile for age and sex. Catch-up growth was considered significant when the
z-score increased by more than +0.5 SD. Using the Social Science Statistics v2018 program, the means were compared using
the one-way ANOVA test and Tukey's HSD with a significance level of p < 0.05, and, to determine the linear association the
Pearson correlation coefficient was used with a significance level of p < 0.05.

The legal guardian of the patients provided informed consent before the procedures were carried out. The data were used under
Organic Law 3/2018 on the Protection of Personal Data and Guarantee of Digital Rights in force in Spain.
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Results

Table 1 displays the head circumference measurements of
the total internationally adopted girls and the groups
categorized by adoption age, from the initial evaluation after
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adoption until age 5 years, and compares them with the
WHO child growth standards. At the bottom of the table, the
percentages of the countries of origin for both the total and
the groups are provided.

Table 1: Head circumference measurements in internationally adopted girls, from the initial evaluation after adoption until age 5 years.
Compares with the World Health Organization child growth standards.

Adopted up to 12 months 2 Adopted between 13-24 months © Adopted between 25-48 months © Total adopted ¢
n=>52 n=50 n=48 n=150
Mean (SD) z Pctl Mean (SD) z Pct Mean (SD) Z Petl Mean (SD) z Pctl
Initial evaluation
Age (SD): 9 (3) months 4263 (1.75) -090 185
Age (SD): 17 (3) months 4488 (129) 098 163
Age (SD): 36 (8) months 4695 (160 110 135
Age (SD): 21 (12) months 4476 (2.35) 143 17
Post-adoption follow-up
Measurement age
12 months 4383 (131) 078 215
18 months 4537 (128) 084 262 4514 (130) -092 180
24 months 4631 (1.20) -083 265 4647 (119) -051 304 4558 (202) -115 125
30 months 4706 (121) 082 2686 4714 {111y 057 285 46689 (1.73) 089 188
36 months 4761 (1.31) -084 262 4789 (1.14) -058 281 4736 (148) -081 208
42 months 4805 (131) -085 258 4815 (1.08) -057 283 4776 (1.53) -085 198 4786 (145 071 238
48 months 4832 (129) 071 238 4836 (1.09) -069 246 4845 (156) -062 267 4830 (1.37) 073 233
54 months 4849 (124) -082 208 4886 (108) -070 243 4872 (157) -086 257 4857 (137) 076 224
60 months 4871 (135 085 198 48.85 (1.08) -0.75 222 4883 (154) 077 221 4882 (1.38) 078 213
SD: standard deviation; Z: z-score; Pctl: percentile.
3 Adopted up to 12 months (%): China, 55,8; Vietnam, 19,2; Ethiopia, 11,5; Nepal, 3.8; Kazakhstan, 3,8; Russia, 3.8; Bolivia, 1,8
& Adopted between 13-24 months (%): China, 52; Russia, 36; Ukraine, 4; Ethiopia, 4; Nepal, 4
< Adopted between 25-48 months (%): Russia, 41,7; China, 12,5; Ukraine, 10.4; India, 10.4; Ethiopia, 8,3; Colombia, 6.3; Bolivia, 4,2; Nepal, 2.1; Kazakhstan, 2,1; Bulgaria, 2,1
3 Total adopted (%): China, 40.7: Russia, 26.7; Ethiopia. 8; Vietnam, 6.7; Ukraine, 4,7: Nepal, 3.3 India, 3.3: Kazakhstan, 2; Colombia, 2; Bolivia, 2; Bulgaria. 0.7

At the initial evaluation, a significant delay in head
circumference was observed in the total cohort of
internationally adopted girls and the groups according to the
adoption age, showing a statistically non-significant
negative correlation between the adoption age and the head
circumference z-score, indicating that adoption at a later age
was not significantly associated with greater head
circumference delay.

In the post-adoption follow-up controls, significant catch-up
growth in head circumference was observed in the total
cohort of internationally adopted girls after 9 months of
adoption. However, no significant catch-up growth was
observed at any time for the groups according to the
adoption age.

The growth pattern of head circumference in the total cohort
of internationally adopted girls and the groups according to
the adoption age showed a slow recovery until 42-48
months; from that age onwards, the head circumference z-
score progressively decreased until 60 months, indicating
incomplete recovery.

During the initial evaluation and semiannual post-adoption
follow-up controls, there were no statistically significant
differences in the mean head circumference measurements
between the groups according to the adoption age, and
between these and the total cohort of internationally adopted
girls. This suggests that the growth pattern of head
circumference was independent of the adoption age.

Discussion

In a meta-analysis study conducted by Van ljzendoorn et al.
81 they found that the delay in head circumference at the
initial evaluation was greater in children adopted at a later
age, and the recovery after adoption was slow and
incomplete. In a study conducted by Palacios et al. [, they
found that even three years after adoption, the recovery from
the initial delay in head circumference was slow and
incomplete.

In the cohort of internationally adopted girls that we studied,
we found that the head circumference at the time of

adoption was significantly delayed. We also observed that
the degree of initial delay was not significantly correlated
with the adoption age. Furthermore, the growth pattern after
adoption showed a slow and incomplete recovery, regardless
of the age at which the adoption took place.

This phenomenon raises the possibility that cumulative
effects of the adverse factors affecting brain growth
experienced by internationally adopted girls may result in
permanent changes in head circumference size. Even if these
factors improve or disappear after adoption, the changes
may affect subsequent cognition.
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