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Abstract
Background: Small for gestational age (SGA) is a signi�cant indicator of subsequent neonatal and child
morbidity. In low- and middle-income countries (LMICs), around a �fth of infants are born small for
gestational age as de�ned by the Intergrowth-21 st (IG21) standard. We sought to examine the prevalence
and associations of small for gestational age using IG21 among women attending antenatal care in
Honiara, Solomon Islands, to compare these rates with regional data and explore the demographic
factors associated with this outcome.

Methods: From January 2014 – April 2015 we undertook a prospective cohort study that used a
structured questionnaire to collect data on women presenting to the National Referral Hospital and
community clinics in Honiara for antenatal care. Follow up data was collected by midwives regarding the
outcomes of these pregnancies. We used the IG21 data to derive birthweight centiles.

Results: Of the 1441 women enrolled, 1311 records on singleton live births were obtained. Gestational
age was calculated on a recorded last menstrual period in 1058 (80.7%) and relied on clinical assessment
at birth in 253 (19.3%). Using IG21 the prevalence of SGA in this population was 16.8% with the majority
being term SGA. SGA was signi�cantly associated with maternal primiparity and preeclampsia, and SGA
babies had higher rates of delivery by caesarean section and neonatal nursery admission.

Conclusions: The rate of SGA in this study was a little lower than pooled estimates across all LMICs.
Improving antenatal care attendance, access to ultrasound assessment of gestational age and
employing birth growth standards will assist to monitor the prevalence of SGA and manage the
consequences.

Background
Being born small for gestational age (ie. below the 10th centile of a birthweight-for-gestational-age,
gender-speci�c reference population [1]) is a leading risk factor for stillbirth as well as neonatal mortality
and morbidity globally. An estimated 23 million babies are born small for gestational age (SGA) each
year, mostly in low and middle income countries (LMICs) [2] [3] with the highest rates reported in South
Asia [4] [3, 5]. In the short term, SGA fetuses carry a 3–4-fold increased risk of stillbirth. Infants born SGA
have increased mortality and morbidity in the neonatal period and beyond as they are more likely to have
neonatal infections, perinatal respiratory distress syndrome, jaundice, polycythemia, hypoglycemia, poor
feeding, and hypothermia [1, 3, 6]. Furthermore, infants born SGA are at higher risk of long-term adverse
health outcomes, such as coronary artery disease, stroke, hypertension and type 2 diabetes [7]. Improving
these short- and long-term outcomes requires improved diagnosis of SGA, so that appropriate
surveillance and management strategies are in place.

A major challenge in diagnosing SGA, and thus assessing its impact, is selecting an appropriate reference
range with which to apply the 10th centile cut-off. While population speci�c reference standards might be
intuitively considered the most appropriate for LMICs, there is a risk that just assigning the bottom 10% of
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liveborn infants as SGA may underestimate the true burden of perinatal disadvantage. In an effort to
overcome this, several consortia have established international optimal fetal growth standards that could
be universally applied. These standards may perform better in identifying infants at greatest risk. One
such standard is Intergrowth–21st project (IG21) [8] that established the �rst international, multiethnic
standard from eight geographically de�ned populations that enables a common single standard to
describe optimal and aspirational fetal growth around the world [9]. IG21 deliberately enrolled a cohort of
women at low risk of perinatal disadvantage: they didn’t smoke, were well nourished, were not
hypertensive and had access to good antenatal care. Thus, IG21 sets ‘aspirational targets’ of fetal
growth/ birthweight in optimal populations, describing fetuses as they should grow, not how they do. The
IG21 study found that among healthy pregnant women with adequate nutrition, fetal growth was
comparable across different populations globally, suggesting that ethnic differences in fetal growth were
more related to deprivation than geography [10].

The Solomon Islands is an archipelago nation of around 600,000 people consisting of six major islands
and over 900 small islands. On the Human Development Index, the country is representative of LMICs in
the Western Paci�c. Currently no birth growth charts are routinely in use apart from the WHO infant
growth charts which provide centiles only for term infants. In this study we have used IG21 to describe
the burden of suboptimal fetal growth in a cohort of women attending for antenatal care at the Honiara
City Council (HCC) clinics and at the National Referral Hospital in Honiara.

Methods
The National Referral Hospital is on the main island Guadalcanal, manages 5000–6000 deliveries
annually and is supported by nine surrounding HCC clinics in Guadalcanal province. We undertook a
prospective cohort study of women presenting for antenatal care to these clinics between January 2014
and May 2015. Research midwives attended HCC clinics on random days to recruit women at their
booking or second visit. Written or verbal (with thumbprint) consent was obtained from all participants
after verbal and/or written information was provided in English or Melanesian Pidgin. All women were
over the age of 18 and consented to participation.

At the time of recruitment, comprehensive perinatal data collection was prospectively gathered in a range
of domains. Those relevant to this study included background and socio-demographic factors, including
age, marital status, education and employment status and information on reproductive history, including
age at �rst intercourse, previous pregnancies including their history of livebirths and perinatal deaths. We
collected birth outcomes including obstetric history, past pregnancies, medical conditions, pregnancy
complications, details about the onset of labour (induction, analgesia, duration), delivery (anesthesia,
complications) and neonatal details including date of birth, estimated gestation, mode of delivery, gender,
birthweight, live or stillborn, length, head circumference, need for resuscitation measures, Apgar scores
and neonatal nursery admission. Preeclampsia was de�ned by local standards as the presence of high
blood pressure above 140/90 on two occasions with the presence proteinuria. Data collection was
undertaken by only 2 trained local female midwives in an effort to reduce sources of bias.
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Where possible gestational age was calculated on a recorded last menstrual period (LMP). Where the
LMP was not available, the gestational age was based on the clinical estimate of age of the neonate at
birth and for these pregnancies we took the midpoint of the estimated week, eg. 37 weeks and 3 days,
and then converted it to days as is required by IG21. An IG birthweight centile was thus generated for
each infant. In 121 women (1.6%) no birth data were available.

Ethics approval was obtained from the University of Sydney Human Research Ethics (2014/096) and
from the National Health Research and Ethics Committee of the Solomon Islands Ministry of Health and
Medical Services (HRC13/13).

Statistical Analysis
All analysis was performed using the statistical software STATA (version 13.1, StataCorp, College Station,
TX, USA). Preterm birth (PTB) was de�ned as birth before 37th week of pregnancy. Small for gestational
age (SGA) was de�ned according to the separate male and female centile charts from the IG21st project
[8], using measured gestational age and birth weights. Stillbirths were excluded from analysis.

Where data for baseline characteristics were missing, we reported the number of available observations.
All baseline variables were categorical, and were reported as frequency (percentage), and compared using
chi-squared test. All tests were pre-planned to be two-sided with signi�cance level α = 0.05. Adjustments
for multiple comparisons were not undertaken. Predictors of SGA were modelled using multiple logistic
regression analysis. Collinearity and interaction effects were examined and con�rmed to be absent.
Goodness of �t of the �nal multivariate logistic models was assessed using the Hosmer-Lemeshow test,
whose p-values exceeded 0.05.

Results
Prospective birth data from the National Referral Hospital and HCC clinics were obtained on 1,332 of the
1441 women recruited. Twelve women in this cohort had a stillbirth (these weights were not recorded)
and there were 9 women with multiple pregnancies that were excluded from the analysis. Therefore, the
analysis is based on 1311 births (Figure 1). Gestational age was calculated on a recorded LMP in 1058
(80.7%) and in 253 women (19.3%) the gestational age was based on the clinical estimate of gestational
age at birth because the LMP was not known.

Table 1 demonstrates the maternal characteristics of the sample. The majority of women were aged
between 20–34 years and 41% were primiparous. Pre-eclampsia occurred in 3% of women.

The mean IG birthweight centile for all births was 43.6 (SD 29.97). The prevalence of small for
gestational age was 220/1311 (17%) and the proportion of all centile groups is shown in Table 2. Of the
220 babies less than the 10th centile, 94 (43%) were under the 3rd centile and 44 (20%) were under the 1st.
Most of the SGA occurred in term infants. Only 5 of the 170 live births considered preterm (4.5%) were
SGA.
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Table 3 documents the univariate and multivariable associations of SGA and maternal characteristics.
There were positive associations with SGA and maternal age less than 20 years, primiparity and pre-
eclampsia in univariate analysis. After adjusting for maternal age in multivariable analysis, primiparity
and preeclampsia remained signi�cantly associated with SGA.

SGA was associated with a range of adverse neonatal outcomes including Apgar less than 7 at 5 minutes
with 2.3% (5) of SGA babies recorded with a low Apgar compared to 0.7% (8) of those that were
appropriate for gestational age (AGA) (p = 0.036). SGA babies were signi�cantly more likely to be born via
elective or emergency caesarean section compared to those that were AGA (6.5% versus 2.4%; p = 0.013).

Discussion
This is a novel study which examines SGA in the Solomon Islands using the IG21 standard [8] charts over
a period of 18 months. The prevalence of SGA of 16.8% is closely aligned with regional estimates from
Oceania of 16% [4]. In addition, nearly 30% of the babies were below the 20th centile, which still confers
increased risks of adverse outcomes related to uteroplacental insu�ciency including stillbirth, neonatal
death, acidosis, admission to nursery and respiratory distress syndrome. We found a signi�cant
association between SGA and primiparity and preeclampsia. The relationship between maternal blood
pressure and fetal weight is well documented, with preeclampsia affecting uteroplacental development
and leading directly to growth restriction [11, 12] Primiparity is consistently associated with SGA in
studies in both high [13, 14] and low income settings with pre-pregnancy weight, nutrition and increased
risks of placental disorders such as preeclampsia likely playing a role[15, 16].

The co-occurrence of prematurity and SGA places infants at substantially, and potentially synergistically,
higher risk of morbidity and mortality compared with infants who experience prematurity or SGA alone.
The majority of SGA babies in our study were term and this aligns with the 2017 Child Epidemiology
Reference Group study across 14 sites in LMICs that noted only 1.5 million of the 23.3 million SGA
infants were preterm (6.4%) [4]. Nevertheless, one of the limitations of studies such as this is that small
babies in poorly dated pregnancies may be more likely to be classi�ed as premature but appropriately
grown, rather than growth restricted.

One of the ongoing obstacles for research and programmatic projects in LMICs such as the Solomon
Islands is obtaining accurate dating of gestational age. Currently the WHO recommends the routine use
of antenatal ultrasound to ascertain estimated gestational age, ideally prior to 24 weeks [17, 18] but this
is currently di�cult to achieve in the Solomon Islands with many women booking late and a lack of
equipment and skilled personnel to perform basic obstetric ultrasound outside of the hospital-setting. As
a result, less accurate measures, such as last menstrual period, symphysio-fundal height, postnatal
examination of the baby or birthweight are commonly utilised in LMICs [1].

The causes of SGA in the Solomon Islands are varied, but major contributors include poor antenatal care,
malaria and malnutrition [7, 19, 20]. There are signi�cant geographical and economic barriers to



Page 6/12

accessing quality and timely antenatal care in the Solomon Islands, with many women booking late and
attending much fewer than the WHO recommended 8 visits to reduce perinatal morbidity and mortality.
There is poor health awareness amongst many women around the importance of early, and frequent,
antenatal visits. Currently, it is recommended that women receive malaria prophylaxis during the
antenatal period [7], however compliance with this is di�cult to measure and relies on antenatal
attendance. Furthermore, this relies on adequate supply of anti-malarial prophylaxis, which is often
inconsistent in the community setting. Anaemia in pregnant women is highly prevalent with recent World
Bank data [21] reporting that 48.6% of pregnant women in the Solomon Islands are anaemic, compared
with only 15% of pregnant women in developed countries, mainly secondary to poverty, chronic worm
infection, recurrent malaria and dengue infection. Malnutrition is another modi�able risk factor which is
extremely common in the Paci�c due to a lack of access to affordable fresh, nutritious food, also
contributing to anaemia [7].

Our study highlights the excess burden of SGA shouldered by LMIC such as the Solomon Islands, and the
urgent need to strengthen public health and education promoting early and adequate antenatal care in
order to reduce the incidence of SGA. This should be supported by improved resources and health worker
training to enable delivery of routine antenatal ultrasounds which could improve gestational age
calculation, as well as detection and management of SGA. Furthermore, although our study did not
investigate anaemia, nutrition and malaria infection speci�cally, public health measures to strengthen the
quality of antenatal care to improve the detection and treatment of these important factors should also
be addressed when tackling SGA and preterm birth.

Limitations
There are several limitations of this study. The �rst is that the gestational estimates were not validated by
ultrasound scan due to resource barriers, which limits the accuracy of our estimations of SGA, although
most pregnancies were dated according to reliable menstrual data. While we used standardised de�nition
for conditions such as preeclampsia, there remains potential for classi�cation error. Furthermore, we did
not collect critical data on a range of factors which are known to be associated with SGA, such as
maternal anaemia, maternal malaria, maternal stunting and maternal diet. Additionally, whilst this is the
largest study of this kind in the Solomon Islands to date, these data were collected from mothers on the
main island of Guadalcanal only, and thus may not be representative of women living elsewhere. Finally,
our analyses only represented the burden of SGA among live born babies. Intrauterine growth restriction
is an important cause of stillbirth, and not represented in this analysis.

Conclusion
This study has con�rmed that rates of SGA based on IG21 in the Solomon Islands are comparable to
regional estimates with the strongest maternal predictors being primiparity and pre-eclampsia. There
needs to be a strong investment in improving fetal growth through reducing smoking, malaria infection
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and improving nutrition, as well as improving antenatal attendance. Importantly, future research in this
area will require accurate and feasible methods of gestational age dating to improve our epidemiologic
understanding of the true burden of SGA.

List Of Abbreviations
LMIC – Low and low-to-middle income country

SGA - Small for gestational age

IG21 – Intergrowth 21

HCC - Honiara City Council
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Maternal Characteristics Number (%)
Maternal age group  
  <20 142(10.9%)
  20-29 750 (57.4%)
  30-34 281(21.5%)
  ≥35 133 (10.2%)
   
Education  
  Tertiary 138 (10.5%)
  Secondary 683 (52.1%)
  Primary 404 (31.0%)
     None 77 (5.9%)
   
Marital status  
  Married/defacto 1171 (90.0)
  Single/divorced/widowed 132 (10.0%)
   
Employment  
  Employed 301 (23.2%)
  Unemployed 895 (69.1%)
   Student 99 (7.6)
 
Literacy

 

  illiterate 84 (6.5)
  Reads with difficulty 419 (32.7)
  Reads easily 780 (60.8)
   
Smoking status during pregnancy  
  Yes 58 (4.5%)
  No 1232(95.5%)
   
Parity  
  Grand multiparous 81 (6.2)
  Multiparous 802 (61.2)
  Primiparous 428 (32.6)
   
Pre-eclampsia  
  Yes 39 (3.0%)
  No 1272 (97.0%)

 

Table 2. Weight centiles according to Intergrowth 21 study. 

 
Centile range Numbers Percentage
<10th 220 16.8
10-20th 146 11.1
20-30th 139 10.6
30-40th 279 21.3
50-60th 112 8.5
60-70th 118 9.0
70-80th 80 6.1
80-90th 87 6.6
90-100th 130 9.9
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Table 3. Univariate and multivariate maternal associations with small for gestational age (SGA)

 
Variable Total SGA (%)

 
P-value Adjusted OR for SGA

(95% CI)*
P-value

Age group          
  <20 143 31 (21.7) 0.017 1  
20-29 781 136 (18.1)   1.061 (0.670-1.681) 0.8

  >30 414 53 (12.8)   0.902 (0.516-1.577) 0.717
           
Marital Status          
Single/divorce 130 28 (21.5) 0.131    
Married/defacto 1190 191 (16.3)      
           
Literacy          
Illiterate
 

84 18 (21.4) 0.252    

Reads at least a little 1200 199 (16.6)      
Parity     <0.001    
Primiparous 428 105 (24.5)   1  
           
Multiparous 802 107 (13.3)   0.484 (0.347-0.676) <0.001
           
Grand multi  81 8 (9.9)   0.389 (0.172-0.883) 0.024
Pre-eclampsia          
  Yes 39 14 (35.9)   3.101(1.564-6.150) 0.001
  No 1272 206 (16.2)   1  

 *Adjusted for pre-eclampsia, age, parity; CI = confidence interval. 
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Figure 1

Flow diagram of patients in study
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