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ABSTRACT
Introduction. The WHO standards have been
used as a gold standard for growth assessment
in preterm infants since 1986. The introduction
of the WHO standards in Argentina could
improve detection of sub-optimal growth.
Objective. To compare the proportion of growth
retardation in terms of weight, body height
and head circumference in preterm infants
with a birth weight less than 1500 g (VLBW)
assessed according to the WHO standards and
the Sociedad Argentina de Pediatría (SAP)
standards.
Population and methods. Cohort study in VLBW
newborn infants. Measurements included were
weight, height and head circumferences measured
at 40, 53, 66, 79 and 92 postmenstrual weeks (±1
week). Sex was recorded as an independent
outcome measure for both standards (WHO and
SAP). Mean Z scores were analyzed for both
standards using Student’s test, and the difference
of proportions was assessed using the c2 test
(OR; 95% CI).
Results. Two hundred and four infants were
included. No differences were observed in anthropometric outcome measures at birth by sex.
A greater growth was seen in terms of weight
and height as per the SAP standards compared
to the WHO standards, which was more marked
in male infants than female infants, and which
diminished around their first year of life.
Growth retardation in terms of height was
observed in both males and females assessed
with the WHO standards. No differences were
observed in head circumference. A higher
proportion of patients with a weight below
2 standard deviations at 3 months old was found
as per the WHO (p < 0.01; OR: 0.36; 95% CI: 0.150.78), but that was not the case with height and
head circumference.
Conclusions. This study allows to suggest
that changing the standards does not imply
a significant modification in our follow-up
practice over the first year of life of an infant.
Key words: prematurity, postnatal growth, WHO
standards, SAP standards.
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INTRODUCTION
Standards for growth assessment
up to week 92 of postmenstrual
age were first published in 1986. 1
Since that moment, these standards
have been used as reference to

assess postnatal growth in preterm
newborn infants, especially those
with a birth weight less than 1500 g.2
Many Argentine institutions rendered
them practical and useful for preterm
follow-up groups, they were
recommended by the Committee of
Fetal-Neonatal Studies of SAP 3 and
demonstrated, in subsequent studies,
that intrauterine growth retardation
and neonatal morbidity had harmful
effects on postnatal growth4 up to one
year old.
Since the publication of the standards to date, several changes have
taken place in neonatal care strategies, such as using exogenous pulmonary surfactants, ventilation strategies
(non-invasive ventilation and high
frequency ventilation), and the implementation of bundles to improve nutrition and reduce hospital-acquired
infections, all of which resulted in optimization of effectiveness, had an impact on morbidity and mortality, and
modified viability limits.5 Said strategies also improved growth results
in these patients, but they are still far
from meeting the expected goals.
In April 2006, the World Health
Organization (WHO) published new
child growth standards to assess
growth up to 5 years old.6 This resulted
in the replacement of the National
Center for Health Statistics (NCHS)
reference, which was not accepted in
many countries, including Argentina.
The criteria used for preparing
the new standards showed that
healthy infants, independently from
their birth setting, will have similar
growth patterns if they grow in a
careful environment (smoke free),
have periodic pediatric controls,
receive immunizations as scheduled,
and similar nutrition practices are
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followed (specific foods for their first six months
of life). The WHO standards are prescriptive
(describe how children should growth) as
opposed to the descriptive standards normally
used to check a patient’s growth.
The standards proposed by the WHO were
validated in Argentina in a 0 to 5 year-old
population in the city of Rosario, 7 and were
therefore implemented in this country. This
situation has made us wonder if their application
on a risk population, such as very low birth
weight (VLBW) preterm newborn infants, would
imply a rise in the detection of sub-optimal
growth up to the first year of adjusted age.
The objective of this study was to compare
the proportion of postnatal growth retardation in
terms of weight, height, and head circumference
in preterm infants with a birth weight less than
1500 g varies when using the WHO standards
instead of the SAP standards, used to this date, in
the follow-up during their first year of life.
PATIENTS AND METHODS
This was a retrospective, cohort study with
data obtained from an active follow-up database of
preterm infants with a birth weight less than 1500 g,
completed in a prospective manner. Weight, height
and head circumferences measures performed at 40,
53, 66, 79 and 92 weeks (±1 week) of postmenstrual
age were included. Weight was measured with a
beam scale rounding up or down to the nearest full
10 g. Height and head circumference were recorded
to the nearest full milliliter by one of the authors
(DR) as per the recommendations made by the
SAP’s Growth and Development Committee. Sex
was recorded as an independent outcome measure
because both standards (WHO and SAP) divide
population into male and female infants.
All patients who had at least three measurements on the corresponding dates were included.
Children with intrauterine growth restriction or
a severe morbidity were also included because it
was considered that such conditions would not
modify the results of the assessment. Patients
with major malformations were excluded. Birth
weight, gestational age, adjusted age at discharge,
and weight, height and head circumference at discharge were recorded.
Mean deviations were estimated calculating
the deviation from the Z score at 40, 53, 66, 79
and 92 weeks (±1 week) of postmenstrual age for
each of the studied standards (SAP and WHO).
Deviations were assessed using Student’s test.
Differences in proportions of males and females
below 2 standard deviations (SD) as per each

standard (SAP and WHO) were compared using
the c2 test and odds ratios and 95% confidence
intervals (CI) were calculated. The sample size
was estimated at 135 patients to find a difference
between the WHO and the SAP standards of at
least 10% of patients with a weight below 2 SD, an
OR ˂ 0.2 for a power of 80 and a 95% CI.
RESULTS
During the 2007-2010 period, 271 infants with
a birth weight less than 1500 g were included
in the follow-up program. Of them, 58 did not
meet the three required measurements on the
corresponding date and 9 had major congenital
malformations (5 with isolated heart disease
and 4 with genetic or chromosomal syndromes).
Two hundred and four infants met inclusion
criteria and were analyzed in the study. Table 1
shows group characteristics divided by sex. No
differences in birth weight or gestational age were
observed. Anthropometric characteristics and the
adjusted age at discharge were also similar.
Table 2 shows mean and standard deviation
values of the three anthropometric outcome
measures divided by sex and with the standard
deviation compared to the mean values of the
SAP and WHO charts. Both weight and height
showed differences between growth assessed
as per SAP standards compared to the WHO
standards. Differences in weight were highest
at weeks 53 and 66, with a sharper difference
in male infants (Figure 1) than female infants,
and diminished at 1 year of postmenstrual age.
Height as per the WHO standards also showed
retardation in both males and females, but it was

Table 1. Mean and standard deviation values at birth and
at discharge from the study group and proportion of low
birth weight by sex
Mean ± SD
Male infants Femaleinfants
(101)
(103)
Birth weight (g)

1160 ± 237

Gestational age (weeks)

29.4 ± 2.8

29.2 ± 2.7

Weight at discharge (g)

2466.9 ± 622

2467.2 ± 607

Height at discharge (cm)

43.9 ± 2.9

43.8 ± 4.3

HC at discharge (cm)

33.4 ± 2.5

Adjusted age at discharge (weeks) 38.3 ± 4.6
Low weight for GA n (%)
HC: head circumference.
GA: gestational age.

41 (41)

1110 ± 247

33.1 ± 2
38.1 ± 4.5
42 (40)
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implications on epigenetic programming and a
potential impact in adult life.
They may cause heart diseases, obesity and
type 1 diabetes. These effects were initially
described by Barker and then corroborated by
multiple observational and experimental studies.8-10
Prematurity-related postnatal morbidity was also
identified as having a strong association with
postnatal growth retardation, although related to
conditions such as bronchopulmonary dysplasia,
sepsis and necrotizing enterocolitis. Prematurity
has also been associated with a nutritional deficit
during the immediate neonatal period and
consequences on growth recanalization rate.11
The standards prepared by the WHO have
been widely disseminated in our field and have
been adopted by the SAP. Such change resulted in
several publications that analyzed the differences
with national standards,12-14 and showed that the

more marked in girls, extending from week 53
up to week 79 inclusive (Figure 2). No differences
were observed in follow-up of head circumference
values with any of the standards.
When analyzing the proportion of patients
whose weight was below 2 SD (Table 3) according
to both standards, at 3 months of adjusted age
(53 weeks), the SAP standards found a lower
proportion of patients whose weight was below
2 SD (p< 0.01; OR: 0.36; 95% CI: 0.15-0.78). No
statistically significant differences were observed
in the analysis of height and head circumference.
DISCUSSION
Postnatal growth of VLBW newborn infants
is modified by the presence of intrauterine
growth retardation and by postnatal morbidities.
Prenatal injuries imply an aggression during
critical periods of development, with marked

Table 2. Mean and standard deviation values of the three anthropometric outcome measures divided by sex, with Z scores
compared to mean values of WHO and SAP charts
Adjusted age

Sex

n

Mean ± SD

Z (SAP)

Z (WHO)

ΔZ

Weight (g)
40 weeks
		

Female infants
Male infants

103
101

2888 ± 495
3026.1 ± 532

-0.9
-0.8

-1.02
-1.1

0.3
-0.3

53 weeks
		

Female infants
Male infants

65
63

5171.1 ± 697
5550.6 ± 922

-0.6
-0.4

-1.2
-1.2

-0.6
-0.8

66 weeks
		

Female infants
Male infants

71
73

6634.6 ± 942
7336 ± 1113

-0.11
-0.44

-0.86
-0.8

-0.75
-0.36

79 weeks
		

Female infants
Male infants

51
52

7680.9 ± 1511
8356.1 ± 1139

-0.01
-0.01

-0.7
-0.6

-0.69
-0.59

92 weeks
		

Female infants
Male infants

94
96

8472.9 ± 1160
9250.8 ± 1456

-0.33
-0.76

-0.4
-0.6

-0.07
0.16

Height
40 weeks
length (cm)		

Female infants
Male infants

96
92

46.1 ± 2.6
46.9 ± 3.1

-2.3
-2.17

-2.3
-2.1

0
0.07

53 weeks
		

Female infants
Male infants

60
58

56.6 ± 2.8
58.0 ± 3.4

-1.25
-2.1

-2.0
-1.9

-0.75
0.3

66 weeks
		

Female infants
Male infants

70
70

62.7 ± 3.8
65.6 ± 4.7

-0.68
-0.41

-1.9
-0.8

-1.2
-0.39

79 weeks
		

Female infants
Male infants

50
52

68.1 ± 3
69.6 ± 3.9

-0.42
-0.48

-0.8
-1.1

-0.38
-0.62

92 weeks
		

Female infants
Male infants

83
96

71.7 ± 3.3
73.4 ± 4.7

-0.85
-0.63

-0.7
-0.9

0.05
0.37

Head
40 weeks
circumference (cm)		

Female infants
Male infants

91
86

34.6 ± 1.7
34.9 ± 1.4

0
-0.36

0.1
0.1

0.1
0.46

53 weeks
		

Female infants
Male infants

61
61

39.6 ± 1.8
40.4 ± 1.6

-0.18
-0.15

0.12
0.02

0.3
0.17

66 weeks
		

Female infants
Male infants

68
64

42.3 ± 2.6
43,7 ± 2.2

-0.35
-0,08

0.01
0,1

0.36
0.18

79 weeks
		

Female infants
Male infants

50
51

44.4 ± 1.6
45.1 ± 1.8

-0.20
-0.40

0.1
0.02

0.3
0.42

92 weeks
		

Female infants
Male infants

72
79

44.9 ± 1.8
46 ± 1.9

-0.58
-0.72

0.1
0

0.68
0.72

144 / Arch Argent Pediatr 2014;112(2):141-146 / Original article

Figure 1. Longitudinal curves showing weigh standard deviation scores during the first year of life. Results are divided by
male and female infants comparing the SAP and WHO standards
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Figure 2. Longitudinal curves showing height standard deviation scores during the first year of life. Results are divided by
male and female infants comparing the SAP and WHO standards
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Table 3. Proportions (n, %) of patients with weight and height values below 2 SD as per the SAP and WHO standards
Adjusted age

Weight

(n)

SAP n (%)

WHO n (%)

OR (IC 95%)

SAP n (%)

WHO n (%)

OR (IC 95%)

34 (17)

35 (17)

0.97(0.57-1.62)

104 (51)

107 (52)

0.93 (0.62-1.40)
0.36 (0.16-0.80)*

40 weeks (204)

Height

53 weeks (188)

35 (18)

40 (21)

0.84 (0.51-1.40)

9 (4.8)

23 (12.3)

66 weeks (144)

15 (10)

20 (14)

0.72 (0.35-1.47)

52 (36)

44 (31)

1.28 (0.78-2.11)

79 weeks (102)

11 (11)

9 (9)

1.93 (0.69-5.44)

19 (19)

20 (19)

0.94 (0.47-1.87)

92 weeks (190)

29 (15)

27 (14)

1.09 (0.62-1.92)

34 (18)

29 (16)

1.21 (0.70-2.09)

international charts indicate a higher growth in
terms of weight compared to the current standard.
However, the fact that the study was prescriptive,
characterized by healthy infants receiving
pediatric follow-up, with complete immunization
schedules and exclusively breastfed, represented
a growth phenotype reference in adequate health
conditions.15,16
In this context, we believed that it was advisable
to assess the effect of adopting the WHO standards
in a risk population such as VLBW newborns infants
given that a higher proportion of infants with suboptimal postnatal growth identified due to a
change in the standards may result in interventions
considered unnecessary as per the current standards
and increase the risk of overweight after one year
of life.
Our analysis shows that at 3 months of
adjusted age, the proportion of infants with
sub-optimal weight was higher according to the
WHO standards, and this finding is consistent
with studies conducted before adopting the new
standards. This effect could be attributed not
only to prematurity but also to a low exclusive
breastfeeding rate in this population and the lack
of follow-on formulae for this population in our
setting. No differences were observed in terms of
height and head circumference; we believe this
is mostly due to a lower discrepancy between
the standards, especially in the case of head
circumference charts, which are almost identical.
Nutritional intervention during the first year
of life has proven to be effective to improve
g r o w t h i n t e r m s o f w e i g h t 17 a n d h e i g h t ,
independently of the intervention, as shown by
the studies conducted by Lucas, 18 who carried
on a continued follow-up of a cohort of preterm
infants fed with fortified formulae up to 9 months
old and confirmed the modification of the caudate
volume and performance at the initiation of
adolescence in the group that received the higher
energy density formula19.
Recent studies suggest that continuing

with preterm formulae, which have a higher
energy and protein density, could be beneficial
for these infants. However, this information
should be analyzed cautiously given that
nutritional interventions in this period could
have implications on the prevalence of obesity
after one year of life.20,21 In addition, it should be
acknowledged that the SAP standards we have
used since the 70s did not regard obesity as a
prevalent issue in this population.22
The WHO is focused on developing growth
standards for preterm infants with prescriptive
guidelines based on the discrepancies observed in
growth assessments in this risk group;23,24 however,
no data have been published to date. Although
there are some reports available that show some
results obtained with a similar project,25,26 we still
have doubts regarding the feasibility of finding a
“healthy” preterm population that could serve as
control, especially if they were born before reaching
28 weeks of gestation.
Based on our study, we suggest that changing
the standards to assess growth in the first year of
life would not entail a significant modification in
our follow-up practice from 40 weeks up to 1 year
of adjusted age.
One of the strengths of this study is that the
sample was made up of patients receiving a
prospective follow-up by an observer trained
in anthropometric measurements, therefore
reducing inter-measurement variability. Also,
appointment compliance enabled us to avoid
using interpolations to assess growth at the
indicated time points. One of the weaknesses of
this study was that it is representative only of one
institution and a multicenter study is required to
make broader conclusions.
We believe that the use of the WHO standards
could be improved and taken as a follow-up tool,
including a scale ranging from 40 to 92 weeks
correlated with the months of adjusted age for
assessment so as to provide follow-up to preterm
infants registered in follow-up programs.n
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