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Abstract 

Background: Small-for-gestational-age neonates (SGA) are at increased risk of neonatal morbidity. Nulliparity repre-
sents a risk factor for SGA; birthweight charts may perform differently for the detection of SGA among nulliparas. This 
study aimed at describing the prevalence of SGA in nulliparas according to different birthweight charts and evaluat-
ing the diagnostic performance of these charts to maternal and perinatal outcomes.

Methods: This is a secondary analysis of a Brazilian cohort of nulliparas named Preterm SAMBA study. Birthweight 
centiles were calculated using the Intergrowth-21st, WHO-Fetal Growth Charts, Birth in Brazil population chart and 
GROW-customised chart. The risks of outcomes among SGA neonates and their mothers in comparison to neonates 
with birthweights between the  40th-60th centiles were calculated, according to each chart. ROC curves were used to 
detect neonatal morbidity in neonates with birth weights below different cutoff centiles for each chart.

Results: A sample of 997 nulliparas was assessed. The rate of SGA infants varied between 7.0–11.6%. All charts 
showed a significantly lower risk of caesarean sections in women delivering SGA neonates compared to those deliver-
ing adequate-for-gestational-age neonates (OR 0.55–0.64, p < .05). The charts had poor performance (AUC 0.492 – 
0.522) for the detection of neonatal morbidity related to SGA born at term.

Conclusion: The populational and customised birthweight charts detected different prevalence of small-for-gesta-
tional-age neonates and showed similar and poor performance to identify related neonatal adverse outcomes in this 
population.
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Background
Neonates classified as small-for-gestational-age (SGA) 
can be constitutionally small individuals exhibiting physi-
ological growth or result from pathological pregnancies 

that became growth-restricted (unable to achieve their 
growth potential). These SGA neonates are often associ-
ated with a higher risk of neonatal morbidity, and peri-
natal mortality, in addition to long-term morbidity such 
as chronic conditions that persist throughout adult life 
[1–3]. Many factors are known to be associated with an 
increased risk of SGA, such as nulliparity, malnutrition, 
extremes of maternal age, and tobacco and/or drug use, 
among others. According to a study based on a large 
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Brazilian population, nulliparity was a significant risk 
factor for SGA (OR 1.81, 95%CI: 1.60–2.05) with a popu-
lation attributable fraction of 24%, meaning that 24% of 
SGA could be attributed to nulliparity [4].

Identifying SGA neonates who are at a higher risk of 
adverse outcomes is of the utmost importance to increase 
surveillance actions toward the neonate and to prevent 
related neonatal morbidity [5–7]. Most importantly, 
appropriate classification of birthweight abnormalities 
plays a key role in the accurate identification of SGA and 
is fundamental for proper management.

There are different methods for calculating birthweight 
centiles, which may vary according to their developing 
method. International birthweight standards, such as 
the Intergrowth-21st study charts and the WHO-Fetal 
Growth Charts study, are based on a ‘healthy’ sample 
composed of well-nourished pregnant women, without 
important risk factors for fetal growth abnormalities [8, 
9]. The birth weight chart from the Birth in Brazil study 
is a population standard developed and based on a ret-
rospective analysis that excluded high-risk pregnancies 
from a large cohort recruited through a complex sam-
pling strategy to represent the Brazilian population [10]. 
In addition, there are customised growth charts that use 
a pregnancy-related optimal weight (GROW) software 
[11], adjusting not only for neonatal but also maternal 
characteristics including age, maternal weight, mater-
nal height, parity and ethnicity to provide an individual 
assessment of fetal growth [12].

The diagnostic performance of a growth curve may 
vary according to the characteristics of the population to 
which it is applied [13, 14]. Considering that nulliparas 
are at a higher risk for SGA neonates, thus for neonates 
with a higher risk of adverse outcomes, the performance 
of different birthweight charts in the diagnosis of neo-
natal morbidity in SGA infants needs to be evaluated in 
such a high-risk population.

The current study aimed to describe the prevalence of 
SGA in nulliparous women according to different birth-
weight charts from the INTERGROWTH-21st Project 
[9], the birth weight chart from World Health Organiza-
tion—Fetal Growth Charts (WHO-FGC) [8], the Birth in 
Brazil population chart [4] and the GROW-customised 
growth chart [12] and evaluate the diagnostic perfor-
mance of these charts to identify adverse perinatal out-
comes using different thresholds to define small infants 
using a cohort of nulliparous women.

Methods
This is a secondary analysis of the Preterm SAMBA Study, 
a prospective multicenter cohort study that aimed at 
evaluating metabolomic profiles, associated with adverse 
outcomes in women delivering singleton pregnancies 

from five participating centres in Brazil, from July 2015 to 
July 2018 [15]. The Preterm SAMBA study enrolled 1,373 
nulliparous pregnant women followed from 19–21 weeks 
of gestational age until childbirth. The study gathered 
maternal and neonatal data to evaluate the incidence of 
SGA neonates and its association with adverse neonatal 
outcomes. The study was approved by the local Insti-
tutional Review Board from each participating centre 
(CAAE: 38,522,214.8.1001.5404) and all participants 
signed an informed consent form before study admission. 
Methodological details and related procedures of the 
Preterm SAMBA Study have been detailed in previous 
publications elsewhere [15, 16].

Briefly, in the Preterm SAMBA study, data collection 
was based on three study visits during pregnancy and a 
medical record review for the information on late preg-
nancy, delivery, and post-partum. At the first visit (19–
21  weeks) sociodemographic data and medical history 
were collected, along with clinical data and evaluation 
of dietary habits and anthropometric measures. At the 
second and third visits (27–29 weeks and 37–39 weeks, 
respectively), the same clinical data were collected. 
Finally, a review of the medical records from the women 
and their newborns was performed to collect data on late 
pregnancy, childbirth, postpartum and neonatal aspects. 
During the Preterm SAMBA study, standard procedures 
and definitions were applied to major outcomes such as 
preterm birth [17], preeclampsia [18], gestational diabe-
tes mellitus [19] and SGA [17].

For the current secondary analysis, women with suf-
ficient data to calculate birthweight centiles using all 
the birthweight charts. Preterm birth is a pathological 
manifestation per se and prematurity represents a con-
founding factor in the assessment of adverse perinatal 
outcomes. Therefore, only those who had delivered term 
infants (gestational age ≥ 37  weeks) were included. We 
excluded neonates with any major anatomic congenital 
abnormality.

Birthweight centiles were calculated using international 
population charts such as the birthweight chart from 
Intergrowth-21st, the birthweight chart from WHO-Fetal 
Growth Charts (WHO-FGC) [8, 9], the Birth in Brazil 
population chart [4] and the GROW customised birth-
weight chart (GROW) [11]. Assuming the representa-
tiveness of the Brazilian population, the Birth in Brazil 
chart was considered the reference method for compar-
ison. The standard cutoff point used for detecting SGA 
neonates was the traditionally adopted  10th centile for all 
charts.

For birthweights below the  10th centile in each chart, 
we calculated the rate of maternal and neonatal out-
comes, such as overall caesarean section rates, need 
for neonatal intensive care unit (NICU) admission, low 
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5-min Apgar score (< 7), perinatal mortality (stillbirth 
or early neonatal death) and neonatal morbidity, which 
was defined as a composite outcome based on the 
occurrence of hypoxic-ischemic SGA related neonatal 
outcomes, according to previously published reports 
[20]. Therefore, neonatal morbidity was considered 
if the neonate presented at least one of the following: 
hypoxic-related conditions, such as hypoglycemia, sei-
zures, persistent pulmonary hypertension, bronchopul-
monary dysplasia, hypoxic-ischemic encephalopathy, 
intraventricular haemorrhage, necrotizing enterocol-
itis, sepsis or use of mechanical ventilation or oxygen 
therapy. In addition, the odds ratios and their 95% con-
fidence intervals (CI) for each outcome were calculated 
considering the reference group for adequate-for-ges-
tational-age, between the  40th and  60th centiles, infants 
who are presumed to be at the lowest risk for adverse 
outcomes [13].

We compared the diagnostic performance for detecting 
neonatal morbidity of all previously selected birthweight 
charts. We calculated the detection rate, sensitivity, 
false-positive rate and the area under the ROC curve for 

different centile thresholds (birth weight below  5th,  10th, 
 15th and  20th centiles) for each chart.

All analyses and calculations of birthweight centiles 
according to different charts were performed using IBM 
SPSS® Statistics v.20 and Stata® v.12. Variables were 
tested for normality distribution and statistical tests were 
applied accordingly.

Results
A total of 1,373 women were enrolled in the Preterm 
SAMBA Study. Of these, 997 (72.6%) were included in 
the current analysis (Fig.  1). The characteristics of the 
study population and the frequency of maternal and peri-
natal outcomes are shown in Tables 1 and 2. The major-
ity of the participants were non-white women, aged 
between 20 and 34  years, with a partner, in paid work, 
with less than 12 years of schooling and of middle-class 
family income. The mean gestational age at delivery was 
39.0 (± 1.1) weeks and neonates had a mean birth weight 
of 3,253  g (± 419). Neonatal morbidity occurred in 35 
(3.6%) neonates, eight (0.8%) of which had low 5-min 
Apgar scores and seven (0.7%) had hypoglycemia. A total 

Fig. 1 Study population
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of 64 (6.4%) and 127 (12.7%) women developed preec-
lampsia and hyperglycemia in pregnancy after enrolment 
in the study.

The proportion of infants classified as SGA accord-
ing to each chart is illustrated in Fig. 2. This proportion 
ranged from 7.0% using the Intergrowth-21st chart to 
11.6% using the GROW-customised chart.

In the population of birthweights below the  10th cen-
tile, the maternal and neonatal outcome rates according 
to different charts with their respective 95% confidence 
intervals are shown in Fig.  3. Neonatal morbidity rates 
were similar for infants below the  10th centile despite the 
use of different charts, as were NICU admission rates. In 
the included population from the Preterm SAMBA study, 
there were no perinatal mortality cases.

The prevalence of outcomes among neonates with a 
birth weight below the  5th,  10th and  15th percentiles were 
compared with the AGA neonates with a birth weight 
between the  40th and  60th percentiles. The Odds Ratios 
are shown in Table  3. All charts showed a significantly 
decreased risk of overall caesarean section and the size of 
the effect varied according to the considered cutoff point 
of birthweight centile. With regards to neonatal mor-
bidity, there appeared to be an increased risk inversely 
related to birth weight among SGA neonates according to 
almost all charts, but the increase in risk was not statisti-
cally significant.

Table 1 Demographic characteristics of the included Preterm 
SAMBA population

Missing information for a) 1, b) 128, c) 144, d) 137

e) Maternal conditions included anemia, depression, hypertension without use 
of medication

BMI cut-off values at 19–21 weeks of gestational age according to Atalah et al. 
[32]

Characteristics Study population
N (%)

Region

  Northeast 476 (47.7)

  South and Southeast 521 (52.3)

Maternal age (years)

  ≤ 19 252 (25.3)

  20–34 680 (68.2)

  ≥ 35 65 (6.5)

Ethnicity

  White 405 (40.6)

  Non-white 592 (59.4)

Marital status

  With partner 733 (73.5)

  Without partner 264 (26.5)

Maternal Occupation

  Paid work 493 (49.4)

  Homemaker 182 (18.3)

  Not working 322 (32.3)

Schooling (years)

  < 12 673 (67.5)

  ≥ 12 324 (32.5)

Annual Family Income (US$)

  Up to 3,000 45 (4.5)

  3,000 to 12,000 537 (53.9)

  Above 12,000 415 (41.6)

Source of prenatal care

  Entirely public 858 (86.1)

  Private/insurance/mixed 139 (13.9)

Body Mass Index at enrolment (kg/m2) a

  Underweight (< 21.5) 173 (17.4)

  Normal weight (21.5–26.2) 389 (39.0)

  Overweight (26.3–30.9) 262 (26.3)

  Obesity (> 30.9) 172 (17.3)

Smoking

  No smoking 923 (92.6)

  Smoking (at any time of pregnancy 74 (7.4)

Alcohol drinking b

  No alcohol 722 (72.4)

  Drinker 147 (14.7)

  Using Other Drugs c 44 (4.4)

  Maternal pre-existing conditions e 124 (12.4)

Total 997

Table 2 Pregnancy outcomes of the study population

Abbreviations: NICU Neonatal intensive care unit, HIP Hyperglycemia in 
pregnancy

Missing information for a) 50, b) 8, c) 1

Composite of neonatal morbidity: at least one of the following conditions: 
hypoglycemia, seizure, persistent pulmonary hypertension, bronchopulmonary 
dysplasia, hypoxic-ischemic encephalopathy, intraventricular haemorrhage, 
necrotizing enterocolitis, sepsis, mechanical ventilation, or oxygen therapy 
requirement

Pregnancy outcomes Study population
Mean (± SD) or N (%)

Gestation at delivery (weeks) 39.0 (± 1.1)

Birth weight (grams) 3,253 (± 419)

Preeclampsia 64 (6.4)

HIP 127 (12.7)

All caesarean section 465 (46.6)

Apgar < 7 at 5 min a 8 (0.8)

Need for intubation after birth b 3 (0.3)

Need for NICU admission 90 (9.0)

Need for Phototherapy b 147 (14.8)

Neonatal hypoglycemia c 7 (0.7)

Composite of neonatal morbidity 35 (3.6)

Fetal death 0.0

Neonatal death 0.0

Total 997
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The diagnostic performance of each chart to detect 
SGA infants (birthweight below  5th,  10th,  15th and  20th 
centiles) with neonatal morbidity is shown in Table  4. 
All combinations of thresholds and charts showed a very 
similar poor performance (AUC 0.492—0.522). The dif-
ferent birthweight centiles demonstrated similar sen-
sitivity and false-positive rate irrespective of the chart. 
Although the sensitivity roughly doubled from the  10th to 
the  20th centile, the false positive rate increased propor-
tionately, which is probably due to the small sample size.

Discussion
According to our results, the birthweight charts from 
Birth in Brazil, Intergowth-21st, WHO-FGC and the 
GROW-customised chart performed similarly for the 
detection of neonatal morbidity among neonates who are 
below the considered cutoff centiles. Furthermore, the 
diagnostic performance of these charts was considered 
poor given the low AUC values regardless of the different 
cut-off points of birthweight centiles.

By definition, SGA neonates (birth weight below the 
 10th centile) are expected to comprise 10% of the pop-
ulation. Given our study population comprised only 
nulliparous women, it would be expected a prevalence 
of SGA above 10%. We observed different SGA rates 
for the studies charts and the Intergrowth-21st chart 
showed the lowest prevalence rate (7.0%). Based on this 

finding, it would be reasonable to question if the Inter-
growth-21st charts appropriately reflect the Brazilian 
population. A previous study has similarly found that 
the Intergrowth-21st birthweight chart detects fewer 
SGA neonates when compared to GROW customised 
chart [21] and also when compared to the WHO charts 
[22]. This indicates that our findings are not specific to 
a Brazilian population, but rather a common finding in 
other populations.

Published literature has frequently shown that popula-
tion and customised charts have different detection rates 
for SGA as they are made from different methodological 
approaches [14, 24, 25]. Although the Brazilian popula-
tion had been included in the studies for the elaboration 
of international standard population charts, even those 
charts differed from each other according to the detec-
tion rates of SGA when applied to the same population. 
This was consistent with observations in other Latin-
American populations [23].

However, when analyzing the association between 
those SGA neonates and neonatal morbidity, all charts 
performed similarly and poorly. In addition, lack of 
assessment of other demographic factors influencing 
fetal/infant growth prevents us from drawing any con-
clusion; Population-based studies are needed to address 
which birthweight chart is more appropriate in the Bra-
zilian setting.

Fig. 2 Proportion of nullipara women who gave birth to SGA infants (birthweight <  10th centile) according to different charts
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Fig. 3 Rate (95% CI) of adverse outcomes up to the  10th birthweight centile according to different charts
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Nulliparous women tend to have lower levels of serum 
glucose and worse hemodynamic adaptations than mul-
tiparous women during pregnancy [26–28]. These dif-
ferences may contribute to the higher incidence of SGA 
neonates born to nulliparous women. A possible reason 
for the poor accuracy in identifying SGA neonates with 

adverse outcomes born to nulliparous women is that 
although this population is associated with a higher risk 
of SGA [4], those neonates may comprise both consti-
tutionally small and growth-restricted infants. Nullipa-
rous women may be more likely to have constitutionally 
small infants with mild/no increase in risk of neonatal 

Table 3 Odds Ratio for maternal and neonatal outcomes among SGA neonates and their mothers (assuming different centile 
thresholds) compared with the reference group with a birth weight between  40th-60th centiles according to each chart

Abbreviations: CI Confidence interval, NICU Neonatal intensive care unit, OR Odds ratio. Values in bold are statistically significant

Adverse outcomes
and centile thresholds

Birth in Brazil
OR (95%CI)

GROW-Customised
OR (95%CI)

Intergrowth-21st

OR (95%CI)
WHO-FGC
OR (95%CI)

All caesarean section
  < p5 0.41 [0.21 – 0.81] 0.56 [0.30 – 1.06] 0.51 [0.27 – 1.00] 0.47 [0.24 – 0.93]
  < p10 0.62 [0.38 – 1.02] 0.53 [0.32 – 0.87] 0.57 [0.34 – 0.93] 0.56 [0.34 – 0.93]
  < p15 0.61 [0.40 – 0.95] 0.55 [0.35 – 0.84] 0.55 [0.35 – 0.85] 0.64 [0.41 – 0.99]

Need for NICU admission
  < p5 1.24 [0.47 – 3.27] 1.26 [0.44 – 3.61] 1.34 [0.50 – 3.57] 1.83 [0.71 – 4.72]

  < p10 1.01 [0.45 – 2.25] 1.28 [0.56 – 2.94] 1.22 [0.55 – 2.68] 1.42 [0.63 – 3.19]

    < p15 1.01 [0.50 – 2.05] 1.19 [0.56 – 2.52] 1.04 [0.50 – 2.15] 1.08 [0.50 – 2.33]

Neonatal morbidity
    < p5 1.37 [0.36 – 5.25] 1.13 [0.23 – 5.62] 0.97 [0.20 – 4.74] 1.32 [0.26 – 6.74]

    < p10 0.89 [0.27 – 2.98] 0.86 [0.22 – 3.39] 0.97 [0.29 – 3.32] 1.70 [0.51 – 5.72]

    < p15 0.74 [0.24 – 2.25] 0.76 [0.22 – 2.64] 0.82 [0.26 – 2.57] 1.11 [0.33 – 3.70]

Table 4 Diagnostic performance, sensitivity and false positive rate of neonatal morbidity in neonates with birthweight below different 
centile thresholds using different charts in comparison with the “Birth in Brazil” chart

Abbreviations: AUC  Area under ROC curve, FPR False positive rate, WHO World Health Organization, FGC Fetal Growth Charts

Charts Centile thresholds Number of events Rate (%) Sensitivity (95%CI) FPR AUC 

Birth in Brazil

5th 3 6.0 8.57 4.89 0.518

10th 4 4.0 11.43 9.98 0.507

15th 5 3.0 14.29 15.07 0.496

20th 6 3.0 17.14 20.06 0.485

GROW-Customised

5th 2 3.9 5.71 5.09 0.503

10th 3 3.0 8.57 10.08 0.492

15th 4 2.7 11.43 15.18 0.481

20th 6 3.0 17.14 20.17 0.485

Intergrowth-21st

5th 2 3.9 5.71 5.09 0.503

10th 4 3.9 11.43 10.19 0.506

15th 5 3.3 14.29 15.07 0.496

20th 6 3.0 17.14 20.17 0.485

WHO-FGC

5th 2 3.9 5.71 5.09 0.503

10th 5 5.0 14.29 9.88 0.522

15th 5 3.3 14.29 15.18 0.496

20th 6 3.0 17.14 20.27 0.484
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morbidity [29]. Another reason for such poor perfor-
mance is that birthweight alone may not be the most reli-
able predictor of adverse outcomes in SGA. In addition, 
SGA related adverse outcomes may involve milder condi-
tions that were not fully considered in our composite of 
neonatal morbidity.

In our study, the composite outcome was developed as 
a proxy of the composite of hypoxic-ischemic events con-
sidered by Chauhan et al [20]. as they have shown the risk 
of a hypoxic composite was 44% higher in SGA neonates. 
Although a trend of the increasing size of effects was 
observed in smaller infants, our results failed to show a 
statistical increase in risk. Based on the width of the con-
fidence interval, it was likely underpowered to confirm 
this association. It is also possible that the composite out-
come does not accurately represent SGA-related neona-
tal morbidity among lower-risk nulliparous women.

In a study with a Swedish population comparing dif-
ferent birthweight charts including the Intergrowth-21st, 
GROW-customised charts, and a population reference, 
the performance of all charts was largely similar and 
better to detect perinatal mortality than neonatal mor-
bidity after fixing the false-positive rate by 10% [13]. In 
our analysis, perinatal mortality could not be evaluated 
since our study found no perinatal mortality cases. A 
larger sample size would be necessary to obtain sufficient 
power to evaluate perinatal mortality, which is a very 
uncommon outcome. Similarly, our sample size did not 
have enough power to properly evaluate the outcome of a 
low 5-min Apgar score, since there were only eight cases 
(0.8%) recorded.

The decreased risk of overall caesarean sections in 
women giving birth to SGA neonates compared to 
women with adequate-for-gestational-age (AGA) neo-
nates may be intriguing, especially in Brazil, a country 
with such high rates of caesarean sections as showed 
in the outcome rates in Table  2 with a cesarean rate of 
46%. It is true that the largest proportion of fetal growth 
restriction occurs among SGA infants and thereby the 
risk of caesarean section is expected to be higher in this 
group when compared to the AGA group. The rationale 
is based on the higher risk of non-reassuring fetal status 
among cases of FGR [30]. It is possible that the main driv-
ers for caesarean section rates in Brazil are other factors 
than non-reassuring fetal status. These other factors may 
act as negative confounders for the association between 
SGA and CS. Indeed, published data have shown that 
caesarean section rates increase in direct proportion to 
birthweight in Brazil [31].

This study has limitations for being a secondary anal-
ysis of data collected for different purposes other than 
detecting SGA rates and adverse perinatal outcomes 

related to hypoxic-ischemic morbidity. By restrict-
ing the subjects to neonates born at term, the sample 
became such that the power was limited to adequately 
evaluate important adverse outcomes such as peri-
natal mortality and low 5-min Apgar. Also, this study 
did not evaluate long-term adverse outcomes related 
to SGA. The strength of this study is that it evaluates 
SGA among a specific population of nulliparous women 
and compares the performances of the most used birth-
weight charts (population and customised charts) in a 
Brazilian population of lower-risk pregnant women.

Conclusions
The population charts from Birth in Brazil, Inter-
growth-21st and WHO-FGC and the GROW-custom-
ised chart showed a similar and poor performance to 
identify neonatal morbidity related to SGA neonates. 
To detect adverse outcomes more accurately, further 
studies are needed with sufficient statistical power to 
evaluate important hypoxic-related outcomes such as 
low 5-min Apgar scores and perinatal mortality rates 
among newborns from nulliparous women.
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