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Abstract
Background: To investigate postnatal growth patterns and their relationship with neurodevelopment in
preterm infants born small for gestational age (SGA).

Methods: This study analyzed 90 infants born SGA with birth weight <1,500 g or gestational age <32
weeks. Length, weight, and head circumference (HC) were recorded at birth, 35 weeks postmenstrual age
(PMA), 40 weeks PMA, and at 4, 9, and 18 months corrected age (CA). Neurodevelopmental outcomes
were assessed using the Bayley-III scales at 18 months CA.

Results: Z-score of HC in SGA infants increased from birth to 40 weeks PMA. Failure of head growth
catch-up to 10th percentile by 4 months CA and all three parameters by 9 months CA and onwards were
associated with worse neurodevelopmental outcomes. Z-score changes in head growth between birth and
35 weeks PMA were signi�cantly associated with neurodevelopmental outcome (p=0.006, adjusted odds
ratio 6.964, 95% con�dence interval: 1.763-27.506).

Conclusions: Head growth during neonatal intensive care unit stay were associated with
neurodevelopmental outcomes in preterm SGA infants. Preterm SGA infants are predicted to have
optimal neurodevelopment at 18 months CA, if the head growth catch-up is achieved by 4 months CA and
length and weight by 9 months CA.

Background
Postnatal growth in length, weight, and head circumference (HC) is associated with later
neurodevelopmental outcome in preterm infants [1–8]. However, preterm infants born small for
gestational age (SGA) comprised a small proportion of the study population or were occasionally
excluded from those studies, which explored the relationship between postnatal growth and development.
Considering the heightened risk in development [9, 10], increased neonatal morbidities [11, 12] and
possible different growth patterns of SGA preterm infants compared to appropriate for gestational age
(AGA) infants, there is a need to separately analyze the relationship between growth and development,
according to being SGA or AGA. Head growth from 1 week to term and weight and length growth from
term to 4 months corrected age (CA) were associated with better motor development in preterm AGA
infants; however, none of them was true for SGA infants (< 10th percentile) [8]. In the study which
examined the 5-year intelligence quotient observed that head circumference growth from birth to 6 time
points within 2 years of age was associated with a better outcome in preterm AGA infants. However, only
optimal HC growth around term age was bene�cial for SGA infants (<-2 standard deviation, SD) [2].
Similarly, a previous study demonstrated a correlation of the growth parameters and changes in the
interval with neurodevelopment in AGA infants; however, this association was not meaningful in SGA
infants (<-2SD) [13]. Studies that focused on the growth patterns and neurodevelopmental outcomes of
preterm SGA infants are limited [1, 2, 14–16], and all but one study analyzed the preterm population born
before the 1990s. For this reason, while catch-up growth is one of the main goals in following-up the
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preterm SGA infants, a controversy remains over the required time frame of occurrence in this population.
Therefore, we aimed to investigate the postnatal growth patterns and the effect of timing of catch-up
growth on the neurodevelopment of preterm SGA infants in a patient population born between 2006 and
2016.

Methods
Study design

We conducted a retrospective study of infants born SGA who were admitted to the neonatal intensive
care unit (NICU) of Seoul National University Children’s Hospital with birth weight <1,500 g or gestational
age <32 weeks between September 2006 and December 2016. Among them, infants who underwent
assessment with the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III) at 18-24
months corrected age (CA) were included. Infants whose growth measurement data were not applicable
or who were diagnosed with a congenital anomaly or cerebral palsy were excluded. Data were collected
from the infant’s hospital records. Trained nurses measured the infants in the NICU and at the follow-up
clinic. After birth, weight was measured daily, and the crown–heel length and HC were measured once a
week until discharge. The baby laid supine during height measurement, and HC was measured by a soft
tapeline. Length, weight, and HC were recorded at birth, at 35 weeks postmenstrual age (PMA) near
discharge, 40 weeks PMA at �rst clinic visit after discharge and at 4, 9, and 18 months CA. Z-scores for
length, weight, and HC were calculated using reference data, which included the Fenton Preterm Growth
Chart until 40 weeks PMA and World Health Organization measurements at 4, 9, and 18 months CA.
Clinical characteristics, including treated patent ductus arteriosus (PDA), bronchopulmonary dysplasia
(BPD), periventricular leukomalacia (PVL), intraventricular hemorrhage (IVH), necrotizing enterocolitis
(NEC), and retinopathy of prematurity (ROP) operation, were similarly reviewed. To characterize the
growth patterns of SGA infants, growth data of 1:1 gestational age-matched AGA infants who were
admitted during the same period were collected.

De�nitions

SGA was de�ned as a birth weight <10th percentile for gestational age at birth [17]. Catch-up growth was
de�ned as each parameter attaining ≥10th percentile at that time point [15, 18]. Growth failure was
de�ned as the change in Z-score of each growth parameter <-1 at the period from birth to 40 weeks PMA
and <0 at the period from a 40 weeks PMA to 18 months CA [6, 19]. The neurodevelopmental outcome
was assessed using the Bayley-III scales at 18-24 months CA [20]. Neurodevelopmental impairment (NDI)
was de�ned as any of the following: cognitive and language score <85 [21] or motor score <85. Treated
PDA included medical or surgical treatment. BPD was diagnosed according to the National Institute of
Child Health and Human Development (NICHD) de�nition (moderate to severe BPD) [22]. IVH was
classi�ed according to Papile et al. [23]. NEC was diagnosed according to the modi�ed Bell’s criteria
(≥stage 2) [24]
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Statistical Analysis

The analysis was performed with the SPSS statistical package 19.0 (IBM Corp. Armonk, NY, USA).
Differences between categorical variables were analyzed using the chi-square test or Fisher’s exact test.
On the contrary, differences between continuous variables were tested using an independent sample t-
test. Multivariate logistic regression analysis was conducted to determine the risk factors for NDI in the
study population. Values of p<0.05 were considered statistically signi�cant.

Ethics statement

Ethical exemption was granted by the Institutional Review Board of Seoul National University Hospital
(Seoul, Korea) because of the retrospective study design. (IRB No. 1906-112-1041).

Results
During the study period, 1591 infants were admitted to the NICU of Seoul National University Children’s
Hospital with a birth weight <1,500 g or gestational age <32 weeks. There were 252 SGA infants (15.8%);
of these, 90 infants with Bayley-III data were reviewed (Figure 1).

The growth patterns of SGA infants were compared with 1:1 matched AGA infants (Figure 2). While the Z-
scores of all growth parameters in AGA infants and those of length and weight in SGA infants decreased
from birth to 40 weeks PMA, the Z-score of HC in SGA infants increased from birth to 40 weeks PMA (Z-
score change, SGA vs. AGA; 0.33 vs. -0.58; P<0.001).

The clinical characteristics of SGA infants with or without NDI were compared. Infants with NDI had a
smaller weight at birth and higher rates of IVH, ROP, and NEC (Table 1). Therefore, the study population
was adjusted for gestational age, birth weight, IVH, ROP, and NEC in further analyses on
neurodevelopment.

The relationship between growth failure and NDI was analyzed at each time point. Growth failure of HC
from birth to 35 weeks PMA was associated with higher incidence of NDI (p=0.006, adjusted odds ratio
6.964, 95% con�dence interval: 1.763-27.506). From 35 weeks to 40 weeks PMA, growth failure in length
was associated with higher incidence of NDI (Table 2).

The rates of failed catch-up growth for each parameter by 18 months CA were as follows: length 38.9%,
weight 44.4%, and HC 31.1%. Head sparing at birth was not associated with better neurodevelopment. As
from 9 months CA, further length and weight catch-up growths rarely occurred until the 18 months CA;
however, the HC catch-up was still occurring at a lower rate. Failed catch-up growth of HC by 4 months CA
was signi�cantly associated with NDI (p =0.004, adjusted odds ratio 9.600, 95% con�dence interval:
2.049-44.974). Failed catch-up growth of any growth parameter by 9 and 18 months CA was associated
with NDI (Table 3).



Page 5/15

We explored the clinical factors during the NICU stay, which was associated with subsequent head
growth. Longer duration of antibiotics usage and longer time to full enteral feeding were signi�cantly
associated with failed catch-up growth of HC at CAs of 4, 9, and 18 months (Table 4).

Discussion
Head growth spurt in SGA infants started earlier than in AGA infants. Head growth from birth to 35 weeks
PMA was associated with the neurodevelopmental outcomes. Similarly, the catch-up growth of HC at 4
months CA was signi�cantly associated with better neurodevelopmental outcomes. Failed catch-up
growth of any of the three growth parameters at 9 and 18 months CA showed worse neurodevelopmental
outcomes. Antibiotics usage and feeding tolerance were signi�cantly associated with subsequent head
growth.

This study revealed different growth patterns between SGA and AGA infants from birth to 18 months
CA(Fig. 2). Compared to AGA infants, the degree of postnatal HC Z score drop was less in SGA infants;
additionally, Z-score of HC at 40 weeks PMA reached that at birth in SGA infants while it remained
decreased in AGA infants. This suggests that there is an earlier spurt of head growth in SGA infants than
in AGA infants, which was consistent with the study �ndings of Brandt et al. showing a sensitive period
for catch-up growth of HC only during the phase of rapid growth in SGA preterm infants [14]. In the
analysis of the relationship between growth failure and NDI at each time point, head growth failure from
birth to PMA of 35 weeks was associated with more NDI. It can be interpreted that the characteristic early
head growth observed in preterm SGA infants (Fig. 2) was related to subsequent neurodevelopment [19].
While head growth between birth and 35 weeks PMA exhibited overall downward growth, the trajectory
was of relevance to neurodevelopment.

There have been debates on the signi�cant timing of head growth, which affects neurodevelopment in
SGA infants. Belfort et al. explored the associations of growth from 1 week of age to term, term to 4
months, and 4 to 12 months with Bayley Scales of Infant Development (2nd edition) at 18 months. Unlike
our results, poor head growth had no effect on NDI at any time point in their SGA subgroup [8]. The SGA
de�nition and the time point of neurodevelopmental assessment in their study were similar to those of
our study; however, they used the previous version of Bayley Scales and included 50 SGA infants.
Leppänen et al. observed that among seven periods within 2 years of age, only optimal head growth
around term age was bene�cial for SGA infants, which is similar to our results [2].

Similarly, the relationship between growth and development was analyzed regarding the attainment of
the 10th percentile at a particular time point. By 4 months CA, only head growth that did not reach the
10th percentile was associated with worse neurodevelopmental outcomes (Table 3). By 9 months CA and
onwards, failed catch-up growths in length, weight, and HC were all associated with poor outcomes. This
information can aid the establishment of growth goals and the de�nition of the population with poor
developmental prognosis by clinicians in the course of following up preterm SGA infants. It was di�cult
to compare the study results with those of previous studies because of variations in the de�nition of SGA,
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time points of growth assessment, and outcome. Frisk et al. observed that SGA infants with optimal
postnatal head growth until 9 months CA demonstrated better cognitive development at 7–9 years [15].
Nine months CA was the �rst time point of growth assessment after term age, and the de�nition of SGA
was less than 2SD. Brandt et al. showed that optimal head catch-up growth until 1 year showed bene�ts
to the intelligence scores in SGA infants [14]. They explored longer-term cognitive outcomes; however,
only 46 SGA infants were enrolled (< 10th percentile), and growth parameters before 1 year were not
examined.

Because failed head growth catch-up was shown as a consistent risk factor for NDI after 4 months CA,
the clinical factors during NICU stay, which were related to poor head growth by these time points, were
sought. Days of antibiotics usage and days to full enteral feeding were associated with head growth
(Table 4). Days of antibiotics usage may re�ect the period during which the infants experienced
in�ammation. In�ammation is considered one of the important risk factors of growth restriction in the
perinatal period. The growth rate was observed to be negatively correlated with C-reactive protein,
erythrocyte sedimentation rate, and Interleukin (IL)-6. In a mice study, a decrease in insulin-like growth
factor-1 (the synthesis of which is stimulated by growth hormones) was observed in transgenic IL-6
overproducing mice [25]. Similarly, in�ammation is related to head growth. Elevated concentrations of
in�ammation-related proteins in early postnatal blood specimen provided information about an increased
risk of microcephaly 2 years after [26] and impaired mental and motor development at 2 years of age in
extremely preterm infants [27]. Days to full enteral feeding may indicate the general clinical complexities
as well as the nutritional status of an infant. The duration (in days) of antibiotics usage and days to full
enteral feeding could be potential targets for improving neurodevelopment in preterm SGA infants;
however, a causal relationship between them cannot be concluded from this study.

The strengths of this study are as follows: we focused on the growth and development of preterm SGA
infants; the growth was analyzed using both an absolute criterion, the attainment of 10th percentile and a
relative criterion, Z-score changes. The growth parameters were examined at multiple time points before
1 year CA and information was provided on the contemporary preterm SGA population. On the contrary,
the limitations of our study include its retrospective design, which led to the exclusion of many infants
because of missing Bayley-III data. However, Bayley scales were recommended for preterm infants with
gestational age < 32 weeks or birth weight < 1500 g in our follow-up clinic without any medical or social
consideration.

Conclusion
In conclusion, the acceleration of head growth begins earlier in preterm SGA infants than in preterm AGA
infants and reaches the birth percentile by 40 weeks PMA. This early brain growth in NICU was
associated with neurodevelopmental outcomes. If head growth catch-up is achieved by 4 months CA,
optimal neurodevelopment is more likely to be attained at 18 months CA. These data guide the follow-up
care and may help improve the neurodevelopment outcomes of preterm SGA infants.
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Table 1. Demographic and clinical characteristics of the study population 
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 NDI (+)

 (n=16)

NDI (-)

 (n=74)

p value

Gestational age, week 29+4 ± 3+4 31+2 ± 2+4 0.095

Birth weight, g 758.8 ± 325.9 973.8 ± 289.8 0.01*

Female 7(43.8) 30(40.5) 1

Multiple 8(50) 31(43.1) 0.782

Cesarean section 11(68.8) 62(83.8) 0.173

Treated PDA 8(50) 22(29.7) 0.147

BPD 8(50) 18(24.3) 0.065

IVH ≥grade III 2(12.5) 0(0) 0.03*

PVL 0(0) 3(4.1) 1

ROP 5(31.3) 4(5.4) 0.008*

NEC ≥stage II 4(25) 3(4.1) 0.017*

Sepsis 2(12.5) 3(4.1) 0.215

Gestational diabetes mellitus 1(6.3) 1(1.4) 0.329

Preeclampsia 5(31.3) 32(43.8) 0.412

Chorioamnionitis 6(37.5) 22(29.7) 0.561

Data are presented as n(%) or the mean ± 2SD. * p < 0.05. NDI,

neurodevelopmental impairment; PDA, patent ductus arteriosus; BPD, bronchopulmonary

dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; ROP,

retinopathy of prematurity; NEC, necrotizing enterocolitis

Table 2. Growth failure and risk of neurodevelopmental impairment
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Time period Parameter of growth failure Neurodevelopmental impairment

p value aOR† 95%CI

Birth

to

35 weeks PMA

Length 0.222 3.134 0.502-19.573

Weight 0.086 3.54 0.836-14.999

Head circumference 0.006* 6.964 1.763-27.506

35 weeks PMA

to

40 weeks PMA

Length 0.008* 10.658 1.872-60.681

Weight 0.998 1.003 0.087-11.536

Head circumference 0.584 2.921 0.063-135.408

40 weeks PMA

to

4 months CA

Length 0.999 - -

Weight 0.520 2.456 0.159-37.926

Head circumference 0.067 6.591 0.876-49.6

4 months

to

9 months CA

Length 0.118 0.12 0.008-1.710

Weight 0.986 0.987 0.028-4.677

Head circumference 0.907 1.105 0.207-5.884

9 months

to

18 months CA

Length 0.202 2.753 0.581-13.037

Weight 0.759 1.243 0.310-4.985

Head circumference 0.454 0.592 0.15-2.334

*p < 0.05. †Adjusted for infant’s gestational age, birth weight, intraventricular hemorrhage,

necrotizing enterocolitis, and retinopathy of prematurity. PMA, postmenstrual age; CA,

corrected age; aOR, adjusted odds ratio; CI, confidence interval

 

 

Table 3. Proportion of failure to catch-up and risk of neurodevelopmental impairment
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Time point Growth parameters Failure to 

catch-up (%)

Neurodevelopmental impairment

 P value aOR† 95%CI

Birth Length 77.8 0.704 0.721 0.133-3.900

Head circumference 71.1 0.367 2.350 0.366-15.076

35 weeks PMA Length 98.9 1 -‡ -

Weight 98.9 1 -‡ -

Head circumference 91.1 0.078 0.159 0.021-1.233

40 weeks PMA Length 94.4 0.999 -‡ -

Weight 93.3 0.999 -‡ -

Head circumference 55.6 0.281 2.765 0.434-17.598

4 months CA Length 53.3 0.544 1.656 0.325-8.43

Weight 51.1 0.621 1.554 0.271-8.893

Head circumference 43.3 0.004* 9.600 2.049-44.974

9 months CA Length 36.7 0.027* 4.128 1.175-14.497

Weight 44.4 0.012* 6.086 1.135-31.879

Head circumference 37.8 < 0.001* 20.25 4.099-100.051

18 months CA Length 38.9 0.029* 4.229 1.158-15.443

Weight 44.4 0.004* 14.015 2.290-85.762

Head circumference 31.1 0.010* 5.256 1.479-18.68

*p < 0.05. †Adjusted for infant’s gestational age, birth weight, intraventricular hemorrhage,

necrotizing enterocolitis, and retinopathy of prematurity. ‡Not enough case to calculate.

PMA, postmenstrual age; CA, corrected age; aOR, adjusted odds ratio; CI, confidence

interval

Table 4. Clinical factors that affected the failure to catch-up growth of HC at 4, 9, and 18

months corrected age. 
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Failure to catch-up growth of HC 4 months CA 9 months CA 18 months CA

p p p

Days of O2 therapy 0.247 0.119 0.107

Days of antibiotics usage 0.01* 0.009* 0.013*

Days to full enteral feedings 0.002* 0.002* 0.001*

Days of steroid usage 0.239 0.162 0.33

* p < 0.05. Adjusted for infant’s gestational age, birth weight. HC, head circumference;

NDI, neurodevelopmental impairment; CA, corrected age; aOR, adjusted odds ratio

Figures
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Figure 1

A �ow diagram of the study population
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Figure 2

Differences in the growth patterns between small for gestational age (SGA) and appropriate for
gestational age (AGA) infants from birth to 18 months corrected age (CA)


