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A baby’s birthweight is an important factor which decisively affects and 
predicts an infant’s survival and is also correlated with future health 
outcomes during adolescence and adulthood.[1] For babies born with 
larger birthweights, instituting an invariably recognised definition across 
the world has been difficult.[2] As described by The American College of 
Obstetricians and Gynaecologists (ACOG), a term that can be used when 
describing excessive fetal growth is ‘large for gestational age’.[2] Large for 
gestational age (LGA) refers to a birthweight equal to or greater than the 
90th percentile for a given GA.[2]

The risk factors for birthing LGA babies can be categorised into 
maternal and fetal risk factors. Maternal risk factors include diabetes, 
high maternal pre-pregnancy weight, disproportionate maternal 
weight gain during pregnancy, advanced maternal age, multiparity, 
post-term pregnancy, maternal birthweight greater than 4 000g and 
a previous birth of an LGA newborn. [2,3,4,5] Fetal risk factors include 
familial traits, male gender, and genetic variants and syndromes.[2,4]

Maternal complications of LGA births include protracted labour, 
need for assisted vaginal delivery, genital tract lacerations, postpartum 
haemorrhage (PPH), caesarean section delivery and uterine rupture 
which could lead to both maternal and fetal mortality.[6,7] Fetal 
complications include shoulder dystocia (SD) resulting in birth 
traumas such as brachial plexus injuries, fractures or (in the worst 

case) asphyxia.[4,6,7] In utero, larger babies are at risk of stillbirth and 
neonatal complications include hypoglycaemia, respiratory problems, 
polycythaemia and increased frequency of neonatal admission to 
an intensive care unit.[4,6,8] The most common complications during 
childhood include obesity, impaired glucose tolerance and metabolic 
syndromes.[9] In developing countries, there has been an increase in 
mothers delivering LGA newborns, which is a great public health 
concern owing to the high risk of morbidity and mortality for both 
mother and baby.[10] Despite the increase in the incidence of LGA 
deliveries, there is limited research on the topic in our setting.

Methods
A retrospective, institution-based and cross-sectional observational study 
was conducted from 1 October 2020 to 31 March 2021 at Chris Hani 
Baragwanath Academic Hospital’s (CHBAH) Department of Obstetrics 
and Gynaecology. CHBAH is an academic tertiary hospital located in 
Johannesburg, South Africa.[11] It is the largest hospital in Africa and 
performs between 20 000 to 25 000 deliveries per annum.[11] All women 
who delivered an LGA newborn from a singleton term pregnancy at 
CHBAH during the study period were included. LGA in this study 
was defined as a birthweight ≥90th percentile for a given GA, using 
birthweight percentile references from INTERGROWTH-21st resources, 
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for males and females.[12] A term pregnancy for 
this study included deliveries occurring from 
37+0 weeks of gestation through to 42+0 weeks’ 
gestation. Multiple pregnancies were excluded.

The birth registers were reviewed for all 
births during the study period. Mothers who 
delivered LGA newborns from a singleton 
term pregnancy were identified and their 
maternity records were assessed. The ACOG 
GA calculator was used when combining GA 
assessments from the last normal menstrual 
period (LNMP) with those extrapolated 
from ultrasonography to accurately 
determine the GA. Additionally, the total 
number of deliveries over the study period 
was identified, to determine the prevalence 
of LGA births from singleton-term 
deliveries. All mothers included in the study 
were allocated a study identification number, 
which correlated with the respective hospital 
numbers found in the birth registers. All the 
relevant (anonymised) data were recorded 
on a datasheet in RedCAP by the principal 
investigator and included participant 
demographics, obstetric factors, medical 
factors, maternal and neonate-related 
factors, as well as pregnancy outcomes. 

Frequencies and percentages were used to 
describe categorical data. The Shapiro-Wilk 
test was used to test for the normality of 
continuous variables. Normally distributed 
data were then presented as mean and 
standard deviation (SD) whilst non-

parametric data were summarised with 
medians and inter-quartile range (IQR). 
The main outcome variable of neonatal 
LGA birthweight was further divided 
into a dichotomous variable, i.e. 1 = LGA 
newborns with a birthweight ≥4 000 g and 0 
= LGA newborns with a birthweight <4 000g. 
ACOG describes a birthweight of ≥4 000 g as 
fetal macrosomia.[2] This further analysis was 
done to assess if the addition of macrosomia 
to LGA had an impact on maternal and 
fetal outcomes in our study. Multivariate 
logistic regression models were computed 
to estimate the association between various 
maternal and neonatal factors and those 
LGA newborns with a birthweight ≥4 000g. 
An adjustment was done for risk factors 
with a p-value of <0.1 at univariate analysis 
to identify factors independently associated 
with LGA birthweights of ≥4 000 g. All data 
analyses were conducted in STATA version 
15 (StataCorp., USA). A p-value <0.05 was 
considered statistically significant for LGA 
birthweights of ≥4 000g.

Ethics
Ethics approval to conduct the present 
study was obtained from The University of 
the Witwatersrand Human Research Ethics 
Committee (ref. no. M2111119). Institutional 
permission was obtained from the Chief 
Executive Officer of CHBAH, the medical 
advisory committee of CHBAH, as well as the 

Head of the Department of the Obstetrics and 
Gynaecology at CHBAH.

Results

Participant demographics
A total of 275 study participants were included 
in our study. The mothers’ ages ranged from 
14 to 50 years old, with a mean (SD) age of 
29.4 (6.1) years. Concerning parity, 54 (19.6%) 
mothers were primigravida and 221 (80.4%) 
mothers were pregnant for (at least) the second 
time during the study period. The average (SD) 
maternal weight at the first antenatal visit was 
83.9 (18.6) kg, with an average maternal body 
mass index (BMI) at the first visit of 32.7 (7.2) 
kg/m2, which is classified as obese.[13] Only 36 
(13.4%) mothers were of normal weight, and 
40 (14.9%) mothers were morbidly obese.[13]

Seven (2.5%) mothers had pre-existing 
diabetes mellitus and a further 7 (2.5%) had 
gestational diabetes mellitus. Forty-nine 
(17.8%) mothers had a history of previously 
delivering an LGA baby and 8 (2.9%) 
mothers had previously delivered a stillborn.

Maternal outcomes and 
complications
Maternal outcomes and complications are 
shown in Table 1. The overall caesarean 
section rate in the group was 45.1%. Almost 
half (n/N=134/275; 48.7%) of the deliveries 
were complicated by prolonged labour. Eighty-
three (30.2%) mothers suffered obstetric anal 
sphincter injuries. Four deliveries (1.5%) were 
complicated by uterine rupture.

Fetal and neonatal outcomes
Fetal and neonatal outcomes are shown in 
Table 2. The majority, 270 (98.2%) babies 
were born alive and there were 5 stillbirths. 
Ten (3.7%) deliveries were complicated with 
SD and 5 of those deliveries were complicated 
with neonatal birth trauma. Irrespective of the 
mode of delivery, nearly half (49.1%) of the 
babies in the study group had complications 
immediately after birth that required 
admission. Hypoglycaemia was the most 
observed neonatal complication (32.7%). 

Factors and outcomes 
associated with LGA 
birthweights ≥4 000 g 
Data analysis revealed highly statistically 
significant factors and outcomes (p<0.05), 
associated with LGA newborns with 
birthweights of 4 000 g or greater in comparison 
to LGA newborns whose birthweights were 
less than 4  000 g. These factors included 

Table 1. Maternal outcomes and complications (n=275)
Description n (%)
Normal vaginal delivery 143 (52.0)
Assisted vaginal delivery 8 (2.9)
Caesarean delivery

Emergency
Elective

124 (45.1)
106 (38.5)
18 (6.6)

Emergency CS indications
Fetal distress
Obstructed labour
Previous caesarean, declining trial of labour
Other

39 (14.2)
38 (13.8)
22 (8.0)
7 (2.5)

Elective CS indications
Previous CS
Other

14 (5.1)
4 (1.5)

Prolonged labour 134 (48.7)
Postpartum haemorrhage 16 (5.8)
Perineal tears 83 (30.2)
Degree of perineal tear (n=83)

First
Second
Third
Fourth

37 (44.6)
44 (53.0)
1 (1.2)
1 (1.2)

Uterine rupture 4 (1.5)
Maternal death 0 
CS = caesarean section.
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maternal class II obesity (OR 4.34; 95% CI 1.40 - 13.44), a previous birth 
of an LGA infant (OR 2.21; 95% CI 1.07-4.55), a prolonged pregnancy 
with a GA >40 weeks (OR 16.9; 95% CI 5.8 - 49.3) and male gender (OR 
2.17; 95% CI 1.23 - 3.82).

Significant maternal outcomes included post-partum haemorrhage 
(OR 6.02; 55% CI (1.50 - 24.11)) and significant neonatal outcomes 
included immediate neonatal admission after delivery (OR 10.75; 95 
% CI 5.56 - 20.76)), and neonatal hypoglycaemia (OR 40.19; 95% CI 
(17.01 - 94.94) (Table 3). 

Discussion

Prevalence
The prevalence of LGA deliveries in singleton-term newborns at CHBAH 
was 3.92%. This finding was much lower than studies conducted in 
Italy,[14] Qatar,[15] and other Asian countries,[16] where the prevalence 
ranged from 10% to 15.6%. It is important to note that our study was 
conducted in a developing African country, and this discrepancy may be 
attributed to differences in the characteristics of our study population, 
including ethnic origins, race, dietary habits, and socioeconomic status. 
Compared with other studies, our study had a shorter duration, which 
may have contributed to the lower prevalence of LGA births observed. 
Furthermore, variations in healthcare service systems could have 
influenced our findings. Owing to resource limitations, many African 
countries rely heavily on maternity obstetric units or primary and 
secondary healthcare facilities for routine childbirth, where fetal weight 
is estimated clinically rather than through ultrasound. As a result, some 
mothers carrying LGA infants may be missed and not appropriately 
referred to tertiary facilities. Consequently, these infants may be born 
at maternity clinics or at home, leading to underreporting of LGA births 

outside the tertiary care system and further contributing to the lower 
prevalence observed.

Associated factors
As the birthweight of LGA newborns increased, we observed a 
corresponding rise in morbidity for both the mother and the baby. 
Maternal obesity, a previous LGA birth, prolonged pregnancy, and 
male gender (especially in newborns weighing >4  000 g) were all 
significant associations. Historically, irrespective of GA, ACOG describes 
a birthweight >4 000 g as fetal macrosomia.[2] Maternal diabetes, maternal 
obesity, and excessive weight gain in pregnancy have been identified 
as independent predictors of high neonatal birthweight in a study by 
Alberico et al.,[5] as these conditions encourage a greater nutrient load to 
the fetus. Approximately nine out of ten (87.9%) of our study participants 
were overweight at their first antenatal visit, with a mean maternal weight 
of 83.9 kg. The mean maternal BMI at booking was 32.7kg/m2, which is 

Table 3. Factors and outcomes associated with LGA birthweight ≥4 000g v. birthweight <4 000 g (N=275)

Description
LGA <4 000 g
(n=168)

LGA ≥4 000 g
(n=107)

p-value aOR p-value

Maternal BMI (kg/m2) at booking 
(n=268)[13]

Normal*
Overweight†
Obese

Class I‡
Class II§
Class III¶

n = 162

28 (17.3)
38 (23.5)
41 (25.3)
31 (19.1)
24 (14.8)

n = 106

8 (7.6)
25 (23.6)
32 (30.2)
25 (23.6)
16 (15.1)

0.08
0.03
0.03
0.10

1
2.18 (0.78 - 6.27)
2.57 (0.90 - 7.36)
4.34 (1.40 - 13.44)
1.87 (0.60 - 5.88)

0.15
0.08
0.01
0.28

Previous LGA birth
No
Yes

146 (86.9)
22 (13.1)

80 (74.8)
27 (25.2)

0.01 1
2.21 (1.07 - 4.55)

0.03

GA at delivery, weeks
<40 weeks
>40 weeks

163 (97.1)
5 (2.9)

73 (68.2)
34 (31.8) 0.0001

1
16.9 (5.8 - 49.3) 0.001

PPH 6 (3.6) 10 (9.4) 0.06 6.02 (1.50 - 24.11) 0.01
Newborn gender
Female
Male

86 (51.2)
82 (48.8)

38 (35.5)
69 (64.5) 0.01

1
2.17 (1.23 - 3.82) 0.01

Admission to the neonatal ward 53 (31.7) 82 (76.6) 0.001 10.75 (5.56 - 20.75) 0.001
Any neonatal complications 52 (31.1) 83 (78.3) 0.001 12.65 (6.41 - 24.99) 0.001
Neonatal hypoglycaemia 14 (8.3) 76 (71.0) 0.001 40.19 (17.01 - 94.94) 0.001

LGA = large for gestational age; BMI = body mass index; aOR = adjusted odds ratio; GA = gestational age; PPH = postpartum haemorrhage.
*BMI 18.5 - 24.9 kg/m2.
†BMI 25.0 - 29.9 kg/m2.
‡BMI 30.0 - 34.9 kg/m2.
§BMI 35.0 - 39.9 kg/m2.
¶BMI ≥40.0 kg/m2.

Table 2. Fetal and neonatal outcomes (N=275)
Description n (%)
Livebirths
Stillbirths

270 (98.2)
5 (1.8)

Shoulder dystocia 10 (3.6)
Resuscitation at birth 20 (7.3)
Admission to the neonatal ward 135 (49.1)
Neonatal complications 135 (49.1)
Types of neonatal complications

Birth trauma
Birth asphyxia
Respiratory distress syndrome
Hypoglycaemia
Other

5 (1.8)
9 (3.3)
40 (14.5)
90 (32.7)
13 (4.7)
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classified as obese.[13] Nearly all the mothers (97.8%) in our study were 
overweight at delivery, suggestive of significant weight gain during the 
pregnancy. Furthermore, our study identified that maternal obesity was a 
risk factor for birthing a macrosomic LGA newborn, with an odds ratio 
of 4.34.

Interestingly, our study did not observe a strong relationship 
between LGA births and the presence of maternal diabetes mellitus, 
as described by other authors.[2,5] A possible contributing factor is 
that CHBAH has a highly advanced obstetric diabetic unit, and thus 
this finding may reflect adequate glycaemic control in their diabetic 
mothers and consequently, the diabetic mothers were not birthing 
LGA infants.[17] Additionally, most of our study participants had no 
record of an oral glucose tolerance test (OGTT) in their maternity 
records; thus, it is possible that some of the pregnant mothers with 
abnormalities in glucose tolerance may have been missed, and not 
recognised as diabetic.

Prolonged pregnancy with a GA >40 weeks, with an OR of 16.9, 
further increases the chances of delivering an LGA newborns being 
complicated by macrosomia. The assumption is that prolongation 
of pregnancy may increase the period of fetal exposure to larger 
amounts of glucose, insulin, and other maternal nutrients.[18] Thus, 
the early delivery before 40 weeks of gestation, customarily practised 
in the care of diabetic mothers may be another contributing factor to 
the low association of LGA births with diabetic mothers seen in our 
study. 

Multiparity was observed in 80.4 % of mothers who participated 
in our study. The hypothesis is that with increasing parity, there is a 
natural increase in maternal age, which in turn is accompanied by a 
decreased maternal insulin sensitivity, which results in higher glucose 
levels available for placental glucose transport.[18] Subsequently, the 
fetus is exposed to higher glucose levels and thus a greater deposition 
of adipose tissue in the fetus is seen.[18] In our study, mothers with a 
previous LGA infant were twice as likely to birth a macrosomic LGA 
newborn (OR 2.21; 95% CI 1.07 - 4.55), which suggests a possible 
underlying genetic association.[2,4]

Male gender is a well-described fetal risk factor for being LGA.[2,14] 
In our study, there was no significant difference when comparing the 
proportions of LGA male births with the proportions of LGA female 
births, and this could be due to chance. However, the study found 
that male LGA babies were more than twice as likely to become 
macrosomic compared to female LGA babies (OR 2.17, 95% CI 1.23, 
3.82). This may be attributed to sex-based differences in metabolic 
hormones, such as insulin, insulin-like growth factors, growth 
hormone, and inflammatory cytokines, which are typically present 
at higher levels in male infants and promote greater fetal growth 
compared to female infants. [18]

Maternal outcomes
The caesarean section rate in our study was 45.1%, which is twice as 
high as the global caesarean section rate and more than 1.5 times higher 
than the South African caesarean section rate.[19,20] This puts mothers 
delivering LGA infants at a greater risk of developing caesarean surgery-
related complications.[21] The most common indications for caesarean 
delivery in our study were fetal distress, obstructed labour and previous 
caesarean scar. Many of the caesarean deliveries were emergencies, 
which carries an additional (and greater) risk for complications for both 
mother and baby when compared with elective caesarean deliveries. 
This highlights a need for early identification of mothers carrying 
LGA infants during the antenatal and intrapartum periods, with an 

appropriate determination of the mode of delivery before labour ensues, 
thus mitigating delivery complications.

Nearly half (48.7%) of the mothers in our study had prolonged 
labour[22] and one-third (30.2%) of mothers suffered obstetric anal 
sphincter injuries during vaginal delivery. These are common 
complications of delivering larger infants, and similar findings 
have been described elsewhere.[6,7,23] Our study observed that the 
larger the birthweight, the greater the risk of PPH, as the mothers 
who delivered macrosomic LGA newborns had a six times greater 
risk of complicating with PPH (OR 6.02; 95% CI 1.50 - 24.11). 
This increased risk of PPH may be attributed to perineal tears and 
prolonged labour, resulting in uterine atony.[23] Additionally, four 
deliveries in our study were complicated by uterine rupture, two 
of these mothers had a previous caesarean uterine scar and none 
of these mothers had received therapy for labour induction or 
augmentation. Therefore, uterine rupture can also be considered a 
cause of PPH in our study.

Fetal and neonatal outcomes
Ten mothers (3.7%) in our study experienced a delivery complicated 
by SD, this incidence is higher than the incidence of 0.5 - 1% of SD 
during vaginal deliveries described by Deneux-Tharaux et al.[24] This 
in turn highlights the need for midwives and obstetricians facilitating 
vaginal deliveries in mothers suspected to be birthing LGA newborns 
to be appropriately trained in the emergency management of SD. Half 
(49.1%) of the LGA newborns had a neonatal complication that required 
admission after birth, and the risk of these complications increased as 
the LGA birthweight increased, as seen with the macrosomic LGA babies 
(OR 12.65; 95% CI 6.41 - 24.99).

Hypoglycaemia occurred in one-third (32.7%) of newborns, 
which is almost 3 to 6 times greater than the prevalence of transient 
hypoglycaemia reported in newborns.[25] Additionally, macrosomic 
LGA newborns had an OR of 40.19 for hypoglycaemic complications. 
The proposition is that larger babies have been exposed to higher 
levels of maternal glucose, which results in fetal hyperinsulinemia, 
which in turn drastically lowers blood glucose in the newborn once 
the maternal high glucose levels have been cut off after delivery.[4] 
With the low prevalence of maternal diabetes mellitus observed 
in our study, it is worrisome that newborns born to non-diabetic 
mothers complicated with neonatal hypoglycaemia. This suggests 
that LGA newborns need close monitoring of their glucose levels 
regardless of whether the mother is diabetic or not. Respiratory 
distress syndrome (RDS) was the second most common neonatal 
complication observed and it is hypothesised that RDS may occur 
due to the previously described fetal hyperinsulinemia decreasing 
the production of surfactant in the fetal lungs; thus, pulmonary 
maturation may falter until later in the pregnancy.[4]

Conclusion
The prevalence of LGA newborns in singleton-term deliveries at CHBAH 
was found to be 3.92%. The associated factors included maternal obesity, 
multiparity, prolonged pregnancy with a GA greater than 40  weeks, a 
mother’s history of previously birthing an LGA infant and male newborn 
gender. The maternal complications observed included prolonged labour, 
increased caesarean delivery, PPH, obstetric anal sphincter injuries and 
uterine rupture. The fetal and neonatal complications included SD, 
neonatal hypoglycaemia, and neonatal respiratory distress syndrome. 
We recommend mandatory OGTTs for all overweight pregnant mothers 
and we advise that mothers carrying LGA babies be managed as 
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high-risk during delivery, with a clear plan for mode of delivery and 
aftercare. Additionally, we advise that LGA newborns should be routinely 
screened and appropriately managed for neonatal hypoglycaemia. For 
further study, we recommend a randomised-controlled study in our 
clinical setting comparing LGA newborn deliveries with appropriate for 
gestational-age newborn deliveries at CHBAH, and for such a study to be 
performed over a period of at least 5 years.
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