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Abstract

A 2 year longitudinal study of the growth of 147 low birthweight (LBW) < 2,500 g infants
who had no known factors disturbing growth was conducted. The infants were divided into 6
groups according to birthweight and maturity : group 1 - appropriate for gestational age (AGA)
with birthweight < 1,500 g (n = 18); group 2 - AGA 1,500-1,999 g (n = 41); group 3 - AGA
2,000-2,499 g (n = 26); group 4 - small for gestational age (SGA) < 1,500 g (n = 5); group 5 - SGA
1,500-1,999 g (n = 20); group 6 - SGA 2,000-2,499 g (n = 37). The control group consisted of
149 normal birthweight (> 2,500 g) infants. Weight, height, and head circumference were mea-
sured at birth, 2, 4, 6, 9, 12, 18, and 24 months postnatally and recorded in standard deviation score
(SDS). All groups showed catch-up growth in the first 6 months. At 2 years old, all infants were
above -2 SDS. However, the SGA infants with birthweight < 1,500 g were significantly lighter
(-0.9 SDS, p = 0.003), shorter (-0.6 SDS, p = 0.001) and had smaller head size (-0.65 SDS, p = 0.027)
whereas, the other groups were not different compared to the control group. We also compared
those LBW infants who, at 2 years of age, weighed below -1 SDS to those who weighed above -1
SDS and found no significant difference in familial income, parental education, nursing care or
parental height. We concluded that with adequate nutritional intake and nursing care, LBW
infants have the potential for good catch-up growth. For the SGA infants with birthweight
< 1,500 g, although they showed good catch-up growth, they still remained smaller than their peers
at 2 years of age.
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It is known that low birthweight (LBW)
infants are at higher risk for neonatal morbidity
and mortality(1). During the last decade, with an
improvement in neonatal intensive care, the num-
ber of surviving LBW infants has increased. The
postnatal growth of these infants is of great concern
to their parents and pediatricians. In Western coun-
tries, the patterns of growth in LBW infants have
been extensively studied and reported that the
majority of these infants can catch-up growth to
normal by 6-12 months(2-14). In Thailand, informa-
tion concerning this subject is limited. We, there-
fore, performed a cohort study about the physical
growth of LBW infants from birth to 2 years in
order to assess how well they can grow compared to
normal birthweight (NBW) infants. We also col-
lected data about social and environmental factors
that may influence physical growth in these infants.

PATIENTS AND METHOD
Patients

A cohort of LBW newborns delivered at
or transferred to Songklanagarind Hospital between
January 1993 and January 1995 were studied. The
inclusion criteria was a birthweight < 2,500 g. For
the purpose of this study, newborns with conditions
known to disturb physical growth were excluded,
e.g. congenital dysmorphic features, congenital heart
diseases (including the unclosed ductus arteriosus),
congenital gastrointestinal defects (including bowel
resection for necrotizing enterocolitis), intrauterine
infections, bronchopulmonary dysplasia, cerebral
palsy, and neurological sequalae. A total of 181 new-
borns met these criteria and, upon informed con-
sent, 147 of them were enrolled in the study. Gesta-
tional age at birth was determined from the date of
last menstrual period and confirmed by the method
of Ballard et al(15). If there was a discrepancy of
more than 2 weeks between the estimated age based
on the last menstrual period and the Ballard score,
then the latter was used. Demographic, neonatal and
infancy risk factors were collected for their poten-
tial relationship to growth. These factors consisted
of initial birth data, delivery mode, Apgar score,
neonatal complications, parental data (age, educa-
tion, occupation, income, parental height and
weight), and nursing care.

To compare the growth patterns of LBW
newborns, we first classified the patients according
to maturity : appropriate for gestational age (AGA)
or small for gestational age (SGA). Newborns with
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birthweight lower than the 10th centile of the Lub-
chenco growth chart(16) were considered as SGA
and those between the 10th and 90th centiles were
AGA. We then divided the newborns into 6 groups
according to birthweight : group 1 - AGA < 1,500 g
(n = 18); group 2 - AGA 1,500-1,999 g (n = 41);
group 3 - AGA 2,000-2,499 g (n = 26); group 4
- SGA < 1,500 g (n = 5); group 5 - SGA 1,500-1,999
g (n = 20); group 6 - SGA 2,000-2,499 g (n = 37).
Newborns with normal birthweight > 2,500 g
(NBW) born during the same period were randomly
selected and invited to participate and served as a
control group. Of the total 181, thirty-two infants
were lost to follow-up, leaving 149 NBW who
completed the study protocol.

The characteristics of the patients in each
group and the controls are shown in Table 1. For
SGA infants, the patients in group 4-5 were all
asymmetrical. In group 6, twenty-five infants were
asymmetrical and twelve infants were symmetri-
cal. In our study, type of feeding was not included
as one of the variables since the majority of patients
in group 1-5 were formula-fed while the majority of
the controls were together breast and formula-fed.

Method

The children's weight, height, and head
circumference were measured at birth, then at 2, 4,
6, 9, 12, 18, and 24 months postnatally by skilled
personnel. The children were weighed undressed
on a calibrated infant balance scale. Height was
measured in supine position with straight back and
knee on standardized infantometer. Head circum-
ference was measured with a standard measuring
tape taken across occipito-frontal line. The units of
measurement were 10 g for weight, 0.1 cm for
height and head circumference. A complete phy-
sical examination and all measurements were
assessed at each visit. Weight, height, and head cir-
cumference were interpreted as standard deviation
score (SDS) based on the standard growth chart for
Thai children designed by Chavalittamrong and
Tantiwongse(17). The SDS was calculated by using
the actual body weight - mean body weight and
divided by standard deviation. The benefit of using
SDS is that it represents the degree of devia-
tion from the mean of any individual measurement
and also adjusts for sex. The SDS of all growth
parameters were plotted using postnatal age, not the
corrected gestational age in order to demonstrate the
real postnatal growth patterns of LBW infants. Body
mass index (BMI) was calculated by body weight
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Table 1. Characteristics of LBW infants in each group and NBW infants.
Group | Group 2 Group 3 Group 4 Group 5 Group 6 NBW p value
(n=18) (n=41) (n =26) (n=15) (n=20) (n=37) (n = 1{49)
Boys : girls 9:9 2417 15:11 2:3 9:11 19:18 75:74
GA* (wk) 306 +2.8 330+1.7 350zx16 326423 378+18 385+13 392+1.0
BW* (g) 1,247 £165 1,770+ 161 2,181 £ 114 1,097 +248 1,806+ 100 2,258 + 109 3,133 +£ 336 -
BL* (cm) 38.0+3.2 425420 449+18 396 +3.6 429+15 459+1.7 492+ 1.8
HC* (cm) 269 +1.6 298+13 309+1.3 276 +3.9 306+14 318+1.1 346+1.0 -
Delivery
Normal 10 (55.6) 23 (56.1) 16 (61.5) 3(60) 7(35) 15 (40.6) 80 (53.7) NS
Caesarean 6(33.3) 14 (34.1) 6(23.1) 2 (40) 8 (40) 17 (45.9) 35(23.5) NS
Hospitalization 49 + 16** 18 + 7*%* 11+6 45 + 10%* 8+ 5 5+3 4472 **2(0.001
(days)*
Maternal age* 28 +6 27 +4 28+4 25+4 29 +4 28+5 28+6 NS
Paternal age* 3247 31 +4 32+4 31 +3 3345 31+6 3245 NS
Income 5(27.8) 13 (31.7) 7(26.9) 3(60) 5(25) 11(29.7) 75 (50.3) NS
< 20,000 baht
Education*
Maternal 6(33.3) 18 (43.9) 9(34.6) 1(20) 12 (60) 14 (37.8) 3322.hH NS
Paternal 739 24 (58.5) 14 (53.8) 2 (40) 12 (60) 19 (51.4) 66 (44.3) NS
Midparental 023+072 035+08F 036+08 0.18 +0.87 040+07 032+08 0.3+£08 NS
height*(SDS)
Nursing provider
Mother 9 (50) 27 (65.9) 20 (76.9) 4 (80) 11 (55) 16 (43.2) 88 (59) NS
Grandparents 9 (50) 14 (34.1) 6(23.1) 1(20) 9 (45) 19 (51.4) 49 (32.9) NS
Nursery - - - - - 2(54) [2(8.1) -
Note  * expressed in mean + standard deviation, the rest is expressed in number (%)

GA = gestational age; BW = birthweight
BL = birthlength; HC = head circumference
Education* = education < primary school

in kg divided by the square meters of body height.
The data were analysed by a computer using the
STATA program. Analysis of variance (ANOVA)
was used to compare the groups.

RESULTS

The patterns of growth in weight, height,
and head circumference, expressed in SDS (mean +
standard deviation) in each group are shown in Fig.
1-6. All AGA and SGA infants showed accelerated
growth in the first 6 months and continued at a
slower rate until the age of 1 year, when they parel-
leled the growth curve of NBW infants. Compared
to the same birthweight groups, growth patterns of
SGA infants were not different from the AGA in-
fants, except for the SGA < 1,500 g that grew
significantly less than the AGA < 1,500 g. At |
year, only the SGA < 1,500 g had all growth para-
meters significantly lower than the other groups
and the control group. The significant difference in

growth of SGA < 1,500 g infants persisted till 2
years of age shown by weight at - 0.9 SDS (p = 0.003),
height - 0.6 SDS (p =0.001), and head circumference
- 0.65 SDS (p = 0.027). The BMI (Table 2) was also
significantly less than the other groups and the con-
trol group (p =0.016).

Although none of our LBW infants had 2
years-growth parameters below - 2 SDS, some of
them were unable to catch up completely particu-
larly the SGA < 1,500 g infants. To delineate
whether factors other than birthweight and dysma-
turity influenced the complete catch-up growth in
LBW infants, we compared the social and parental
factors of children with a 2 year-body weight
above - 1 SDS to those below - 1 SDS. We chose - |
SDS as a cut-off point for complete catch up growth
because it corresponded to the 15th centile. Body
weight below this point is although normal, but
relatively in the low normal range and can be clas-
sified as underweight. Height and head circum-
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ference were not used for comparison because few
children were below - 1 SDS and no comparison
could be made. Using the 2 year-body weight, there
were 23 children who were below - 1 SDS (6 AGA,
6 SGA, and 11 NBW). By multivariate analysis, we
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Fig. 1. Weight SDS of the AGA infants.
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Fig. 3. Height SDS of the AGA infants.
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Fig. 5. Head circumference SDS of the AGA infants.
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found no significant difference between children
whose body weight was above (n = 273) and below -
1 SDS (n = 23) in familial income, maternal educa-
tion, paternal education, nursing care, and parental
height (Table 3).
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Fig. 2. Weight SDS of the SGA infants.
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Fig. 4. Height SDS of the SGA infants.
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Table 2. Growth data at 2 years old.
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Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 NBW p value
(n=18) (n=41) (n =26) (n=5) (n=20) (n=37) (n=149)
Weight SDS* 004108 -009+07 -001+042 -09+054** 0.11+05 002+08 0.11 £0.74  **0.003
Length SDS*  -0.12+0.55 -0.05+055 -002+04 -060+0.68+t -001+04 -0.05+062 0.1+0.6 ++0.001
HC SDS* 03+05 021+07 -015+04 -065+0.18% -029+0.77 -0.13+06 0.06 £0.6 #0.027
BMI* 163+ 1.6 163+12 162+1.1 148+ 1.4## 165+1.2 163+1.4 163+1.3 #0016
Weight 2(11.1) 4(9.8) - 3 (60)B - 3(8.1) 11(74) B<005
<-1 SDS+
Note  * expressed in mean + standard deviation

+ expressed in number (%)
HC = head circumference
BMI = body mass index

Table 3. Multivariate analysis of factors in LBW
children at 2 years of age who were
average (n = 273) and underweight (n = 23).

Odds ratio p value
Familial income 0.46 0.39
Maternal education 0.45 0.14
Paternal education 0.63 0.36
Nursing by mother 0.97 0.53
Midparental height 0.57 0.12

DISCUSSION

The results of our study clearly demon-
strated that LBW infants, both AGA and SGA, had
the potential for good catch-up growth. All groups
showed the same patterns of catch-up growth :
markedly accelerated in the first 6 months, con-
tinued at a slower rate in the later 6 months, and
paralleled to the NBW infants in the second year.
At 2 years, all LBW children were well above - 2
SDS. The good catch-up growth of our LBW infants
was probably due to our exclusion from the study
of infants who had conditions disturbing growth.
Secondly, all our LBW infants were cared for by
their own mothers or grandparents who were con-
cerned about their growth. Thirdly, they were
closely followed and interventions were done in
children who were cared for inadequately or in-
appropriately. However, the SGA infants with birth-
weight < 1,500 g were significantly lighter, shorter
and had smaller head size than all other groups,
even when compared with the compatible birth-
weight AGA infants. These findings indicated that

intrauterine growth disturbance occurring earlier
than 32 weeks in utero had a later effect on post-
natal physical growth. In contrast, the appropriate
size premature infants born even earlier than 32
weeks of gestation had the potential for complete
catch-up growth. Intrauterine growth retardation
occurring later than 32 weeks of gestation had no
effect on postnatal catch-up growth. All this evi-
dence supported the importance of the critical intra-
uterine period to long term growth potential.
The mechanism controlling catch-up
growth in LBW infants is not fully understood. As
already known, postnatal growth depends very much
on adequate nursing care, nutritional intake, paren-
tal interest, and familial socioeconomic status. In
our study, although all LBW infants were well above
- 2 SDS at 2 years of age, some of them remained
smaller than their peers. To determine whether fac-
tors other than birthweight and dysmaturity in-
fluence physical growth, we compared other genetic
and socioeconomic factors in children who showed
complete catch-up growth (> - 1 SDS) and those
who did not (< - 1 SDS). Such factors included
familial income, maternal education, paternal educa-
tion, nursing provider, and midparental height.
Nursing provider was included in our analysis
because we thought it is an important factor affect-
ing growth. In this decade, lifestyle and Thai culture
has changed. The number of double income homes
is increasing, therefore, children are spending more
time in day care. In our study, children taken to a
nursery were relatively few and found only in the
NBW group. This is because the majority of our
participants were middle-class families who lived
with their grandparents. For the LBW children, the
parents and grandparents intended to take care of
the child themselves. Using multivariate analysis,
we failed to demonstrate the relationship between
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underweight children and familial income, parental
education, nursing care (only between mothers and
grandparents), and midparental height. These
results suggested that full catch-up growth in the
first 2 years of life was not dependent on socio-
economic factors. Adequate nursing care, adequate
nutritional intake, and parental interest had a
marked impact on the children growth.

One of the long term effects of intra-
uterine growth retardation (IUGR) is short adult
stature(18,19), Several studies have demonstrated
that intrauterine growth retardation leads to a re-
duction in aduilt height compared to the target
height(19). The study by Albertsson-Wikland and
Karlberg showed that children born with IUGR who
were short at 2 years of age reached a final height
below their genetic potential and that height at 2
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years can be used for prediction of the final height
outcome(20). Based on the evidence of previous
studies, it is predicted that our SGA infants with
birthweight < 1,500 g will remain shorter as adults.

In summary, our study demonstrated that
LBW, both AGA and SGA, newborns without
obvious factors disturbing growth were able to
catch-up to within normal by 6 months postnatally.
For the SGA infants with birthweight < 1,500 g,
although catch-up growth occurred, they tended to
remain in the low normal range. Our results sug-
gested that healthy LBW infants who show no
catch-up growth or who remain below -2 SDS at 2
years of age need careful investigation to exclude
growth affecting disorders such as chromosomal
abnormalities, hypothyroidism, and also growth
hormone deficiency.

(Received for publication on May 26, 1998)
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