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Abstract
Background: The last few years have seen a rise in late-preterm 
and early-term births. They are physiologically and metaboli-
cally immature compared with full-term neonates.

Aim: To compare the short-term morbidities and mortality in 
late-preterm and early-term neonates with that of full-term 
neonates

Materials and Methods: This prospective observational study 
was conducted in a level 3 neonatal unit. The neonates born in 
the gestational age between 34 and 41 weeks and admitted to 
the neonatal intensive care unit (NICU) within the first 24 hours of 
life were included for the study. Neonates with major congenital 
malformations and multifetal gestation were excluded. The 
primary outcome measures of the study were to evaluate the 
incidence of perinatal death and various short-term morbidities.

Results: The incidence of respiratory morbidities (eg, respir-
atory distress syndrome, transient tachypnea of the newborn, 
culture-positive early-onset sepsis, hemodynamically sig-
nificant patent ductus arteriosus, and neonatal hyperbili-
rubinemia) was higher in the late-preterm and early-term 
neonates compared with the full-term neonates. 

Conclusions: Targeted obstetric practices and increasing 
awareness in mothers to reduce late-preterm and early-term 
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deliveries will have a significant influence on healthcare costs 
by reducing NICU admissions.

Key Words: Late preterm, early term, full term, morbidities, 
maternal education, perinatal death

Introduction
Despite advances in neonatal care, preterm birth 
remains one of the major causes of neonatal morbidi-
ties and mortality. However, most of the clinical studies 
on prematurity have traditionally focused on neonates 
born before 34 weeks of gestation. The conventional 
concept of many obstetricians and perhaps even pedia-
tricians is that prolonging pregnancy beyond 34 weeks 
when clinical conditions pose a risk to either the mother 
or fetus has hardly any advantage.1,2 More recently, 
studies comparing preterm neonates born between 33 
and 37 weeks with term neonates show a significantly 
higher rate of morbidities and mortality among preterm 
neonates.3,4

In 2005, the term “late preterm” was suggested to indi-
cate neonates born between 34 and 37 weeks of gesta-
tion.5 According to some studies, late-preterm births are 
on a rise over the last few years.6 The possible explana-
tion could be an increase in medically indicated deliver-
ies or an increase in multiple pregnancies secondary to 
artificial reproduction techniques, as well as an increase 
in the mean age of pregnant women. Recent spikes in 
the incidence of induction of labor and cesarean sec-
tions may also contribute to the rise.6,7

Previously, the phrase “near term” was used for the 
late-preterm neonates and they were managed as term 
neonates. However, late-preterm neonates are physi-
ologically and metabolically immature compared with 
term neonates.8 Therefore, late-preterm neonates are at 
a higher risk of developing medical complications such 
as respiratory distress, hyperbilirubinemia, temperature 
instability, feeding difficulties, hypoglycemia, apnea, 
and late-onset sepsis, leading to a prolonged hospital 
stay and even readmissions after discharge.5-7,9

The phrase “early-term neonates” has been coined more 
recently to represent the neonates born between 37 
and 386/7 weeks of gestation, and with an intention to 
compare the risk of complications and mortality with 
full-term neonates born between 39 and 416/7 weeks of 
gestation.10-12

A significant amount of data on high morbidity and 
mortality associated with late-preterm neonates in 
developed countries are available.7,13,14 In Southeast 
Asia, not much work has been done and only a few 
studies are published in this context.5,15

In a developing country like India, an understanding of 
the morbidities associated with late-preterm and early-
term neonates is helpful for a healthcare provider to 
anticipate and manage potential complications, provide 
better maternal care, and reduce nonemergency obstet-
ric decisions.

Aims
•	 To compare the short-term morbidities and mortal-

ity in late-preterm neonates with full-term neonates
•	 To compare the short-term morbidities and mortal-

ity in early-term neonates with full-term neonates

Materials and Methods
Study design
This prospective observational study was conducted in 
a level 3 neonatal intensive care unit (NICU) of Lotus 
Hospital for Women and Children (Hyderabad, Telangana, 
India) between January 2017 and December 2017. The 
study was approved by the institutional ethics committee.

Inclusion criteria
The study enrolled neonates born at gestational ages 
between 34 and 41 weeks and admitted to the NICU 
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within the first 24 hours of life. The gestational age was cal-
culated based on the first day of the mothers’ last menstrual 
cycle and was supported by the modified Ballard score. 

Exclusion criteria
Neonates with major congenital malformations and 
multifetal gestation were excluded from the study. 

Study outcomes
The primary outcome measures were the incidence of 
perinatal death, birth injury, birth asphyxia, respira-
tory distress syndrome (RDS), transient tachypnea of 
the newborn (TTNB), meconium aspiration syndrome 
(MAS), congenital pneumonia, necrotizing enterocol-
itis (NEC), hemodynamically significant patent ductus 
arteriosus (HS-PDA), culture-positive early-onset sepsis 
(EOS), hypoglycemia, seizures, intraventricular hemor-
rhage (IVH), shock requiring inotropes, small-for-ges-
tational age (SGA) neonates, and hyperbilirubinemia 
requiring phototherapy/exchange transfusion.

The secondary outcome measures included the incidence 
of air leaks and apneic episodes; need for mechanical venti-
lation, surfactant, respiratory support, and blood products; 
time taken to reach full enteral feeds of 150 mL/kg/d; need 
and duration of parenteral nutrition; duration of hospital 
stay; and frequency of maternal complications.

Study procedure
A total of 259 neonates were enrolled and divided into 
3 groups: 74 neonates in late-preterm group, 120 neo-
nates in early-term group, and 65 neonates in full-term 
group. The outcome data were recorded in a prede-
signed structured proforma. 

Parameters such as preterm premature rupture of 
membranes (PPROM), gestational diabetes mellitus 
(GDM), oligohydramnios, pregnancy-induced hyper-
tension (PIH), perinatal death, RDS, MAS, TTNB, 
HS-PDA, culture-positive EOS, and intrauterine growth 
retardation were defined as per standard guidelines. 
Intraventricular hemorrhage (IVH) was defined accord-
ing to Papile et al’s grading system and NEC was defined 
according to Bell staging. Birth asphyxia was defined as 
failure to initiate or sustain breath at birth; hypoglycemia 

as a blood glucose level of < 45 mg/dL; and hyperbili-
rubinemia requiring phototherapy as serum bilirubin 
value above the recommended cutoff on hour-specific 
nomograms recommended by the American Academy of 
Pediatrics.

After confirming the homogeneity of the data, the 
study population was divided into 3 groups—late pre-
term, early term, and full term. All continuous variables 
were reported as mean and standard deviation, whereas 
all categorical variables were expressed as frequencies/
percentages. The differences between the groups for 
continuous variables were evaluated using independent 
Student t test and categorical variables were analyzed 
using Fisher exact test and Χ2 test. A P value of < .05 
was considered as a statistically significant difference. 
All statistical analyses were done using SPSS version 
17.0 for Windows (IBM Corp, Chicago, NY, USA).

Results
Tables 1 and 2 reveal the baseline characteristics of the 
study groups.

The mean birth weight, head circumference, and length at 
admission were significantly higher in the full-term group 
compared with the late-preterm group. The percentages 
of very-low-birth-weight and low-birth-weight neonates 
were significantly higher in the late-preterm group com-
pared with the full-term group.

The mean birth weight was significantly higher in the 
full-term group compared with the early-term group. 

Table 1. Baseline Characteristics of the Late-Preterm 
and the Full-Term Groups

Variable Late Preterm 
(n = 74)

Full Term 
(n = 65)

P Value

Birth Weight, Mean (SD), g 2225 
(488.540581)

3062 
(339.1301) < .001

Male, n (%) 39 (52.7) 32 (49.2) .68279188
Head Circumference at 
Admission, Mean (SD), cm 32.20 (1.843) 33.54 (3.973) .0103

Length at Admission, 
Mean (SD), cm 45.49 (2.639) 48.55 (5.780) < .0001

VLBW, n (%) 7 (9.45) 0 .01094023
LBW, n (%) 48 (64.86) 1 (1.53) < .0001

LBW, low birth weight; VLBW, very low birth weight.
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Table 2. Baseline Characteristics of the Early-Term 
and the Full-Term Groups

Variable Early Term 
(n = 120)

Full Term 
(n = 65)

P Value

Birth Weight, Mean (SD), g 2753.388 
(436.9493)

3062 
(339.1301) < .0001

Male, n (%) 54 (45) 32 (49.2) .58200777
Head Circumference at 
Admission, Mean (SD), cm

33.03 
(1.378)

33.54 
(3.973) .2042

Length at Admission, Mean 
(SD), cm

47.78 
(2.280)

48.55 
(5.780) .1993

VLBW, n (%) 0 0 NA
LBW, n (%) 45 (37.5) 1 (1.53) < .001

LBW, low birth weight; VLBW, very low birth weight.

The percentage of LBW neonates was significantly 
higher in the early-term group compared with the full-
term group.

Tables 3 and 4 reveal the frequency of maternal compli-
cations in the study groups.

The frequency of maternal complications was more in 
the late-preterm group compared with the full-term 

Table 3. Maternal Complications in the Late-Preterm 
and the Full-Term Groups

Variable Late Preterm 
(n = 74)

Full Term 
(n = 65)

P Value

Frequency of Maternal 
Complications, n (%) 43 (58.11) 27 (41.54) .05125258

Oligohydramnios, n (%) 5 (6.76) 3 (4.61) .58830444
GDM, n (%) 6 (8.1) 6 (9.2) .8145807
PIH, n (%) 8 (10.81) 2 (3.07) .07829229
PPROM, n (%) 8 (10.81) 0 (0) .00632253

GDM, gestational diabetes mellitus; PIH, pregnancy-induced hypertension; PPROM, preterm 
premature rupture of membranes.

Table 4. Maternal Complications in the Early-Term 
and the Full-Term Groups

Variable Early Term 
(n = 120)

Full Term 
(n = 65)

P Value

Frequency of Maternal 
Complications, n (%) 52 (43.33) 17 (26.15) .02106992

Oligohydramnios, n (%) 9 (7.5) 3 (4.61) .44709733
GDM, n (%) 10 (8.3) 6 (9.2) .83572527
PIH, n (%) 11 (9.17) 2 (3.07) .12187954
PPROM, n (%) 10 (8.3) 0 (0) .01671551

GDM, gestational diabetes mellitus; PIH, pregnancy-induced hypertension; PPROM, preterm 
premature rupture of membranes.

group, though the difference was not statistically 
significant.

The frequency of maternal complications was signifi-
cantly more in the early-term group compared with the 
full-term group.

Tables 5 and 6 reveal the outcome measures in the 
study groups. 

It was inferred that the incidence of respiratory morbid-
ities such as RDS and TTNB was significantly higher 
in the late-preterm group compared with the full-term 
group. However, the incidence of MAS was signifi-
cantly higher in the full-term group compared with the 
late-preterm group. The need for surfactant, mean dura-
tion of respiratory support, and stay on various modes 
of respiratory support were significantly higher in the 
late-preterm group compared with the full-term group. 

Among the other outcome measures, the incidence of 
culture-positive EOS, HS-PDA, and neonatal hyper-
bilirubinemia (NNH) was significantly higher in the 
late-preterm group compared with the full-term group. 
Also, the need for parenteral nutrition and mean dura-
tion of hospital stay were significantly higher in the 
late-preterm group compared with the full-term group. 

The comparison between the early-term and full-term 
groups revealed that the incidence of NNH and mean 
duration of hospital stay were significantly higher in 
the early-term group. Also, the mean duration of res-
piratory support and stay on various modes of respira-
tory support were significantly higher in the early-term 
group compared with the full-term group. 

The incidence of respiratory morbidities such as RDS, 
TTNB, pneumonia, and EOS was more in the early-
term group compared with the full-term group. 
However, the difference was not statistically significant. 

The incidence of neurologic morbidities such as birth 
asphyxia, seizures, apnea, and IVH; hypoglycemia; 
respiratory morbidities such as air leaks; shock and 
proportion of SGA neonates was more in both the 
late-preterm and early-term groups compared with the 
full-term neonates. However, there was no statistically 
significant difference between the 2 groups.
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Table 5. The Outcome Measures in the Late-Preterm and the Full-Term Groups

Variable Late Preterm (n = 74) Full Term (n = 65) P Value
Birth Injury, n (%) 1 (1.4) 0 (0) .34683587
Birth Asphyxia, n (%) 10 (13.5) 3 (4.61) .07221245
Perinatal Death, n (%) 0 (0) 0 (0) NA
Neonatal Mortality, n (%) 0 (0) 0 (0) NA
SGA, n (%) 21 (28.38) 14 (21.54) .35401869
Neonatal Seizures, n (%) 7 (9.45) 3 (4.61) .27014708
Hypoglycemia, n (%) 6 (8.1) 1 (1.5) .07719454
RDS, n (%) 9 (12.2) 2 (3.1) .04774327
MAS, n (%) 0 (0) 6 (9.2) .00754252
TTNB, n (%) 25 (33.8) 8 (12.3) .00298601
Pneumonia, n (%) 7 (9.45) 3 (4.7) .27014708
Need for Mechanical Ventilation, n (%) 4 (5.4) 1 (1.5) .22190641
Need for CPAP, n (%) 6 (8.1) 1 (1.5) .07719454
Need for Supplemental Oxygen, n (%) 10 (13.5) 1 (1.5) .00906995
Stay on Ventilator, Mean (SD), d 5.50 (5.802) 1.00 (0) < .0001
Stay on CPAP, Mean (SD), d 2.71 (1.380) 1.00 (0) < .0001
Duration of Respiratory Support, Mean (SD), d 6.78 (4.381) 2.6 (0.930) < .0001
Need of Surfactant, n (%) 5 (6.76) 0 (0) .0328036
Culture-Positive EOS, n (%) 3 (4.05) 1 (1.5) .37592058
HS-PDA, n (%) 12 (16.2) 3 (4.6) .02783916
NNH, n (%) 40 (54.1) 15 (23.4) .00019414
Duration of Phototherapy, Mean (SD), d 1.83 (0.378) 1.72 (0.451) .1201
Exchange Transfusion, n (%) 0 (0) 0 (0) NA
NEC, n (%) 0 (0) 0 (0) NA
IVH, n (%) 9 (12.2) 3 (4.6) .11391861
Shock Requiring Inotropes, n (%) 2 (2.7) 0 (0) .18190393
Apnea, n (%) 3 (4.05) 0 (0) .10078989
Air Leaks, n (%) 0 (0) 0 (0) NA
Need for Parenteral Nutrition, n (%) 10 (13.5) 2 (3.1) .02880885
Duration of Parenteral Nutrition, Mean (SD), d 4 (2.59058123) (n = 9) 4 (1.414213562) (n = 2) 1.000
Need for Blood Products, n (%) 7 (9.45) 5 (7.7) .71128182
Need for PRBC Transfusion, n (%) 3 (4.05) 3 (4.6) .87190032
Need for Platelet Transfusion, n (%) 4 (5.4) 0 (0) .05715755
Need for FFP Transfusion, n (%) 0 (0) 2 (3.1) .12854405
Time to Reach Full Feeds, Mean (SD), d 2.74 (2.127) 2.25 (1.871) .1541
Duration of Hospital Stay, Mean (SD), d 6.09 (2.445) 3.02 (0.798) < .001

CPAP, continuous positive airway pressure; EOS, early-onset sepsis; FFP, fresh frozen plasma; HS-PDA, hemodynamically significant patent ductus arteriosus; IVH, intraventricular hemorrhage; 
NEC, necrotizing enterocolitis; NNH, neonatal hyperbilirubinemia; MAS, meconium aspiration syndrome; PRBC, packed red blood cells; RDS, respiratory distress syndrome; SGA, small for 
gestational age; TTNB, transient tachypnea of the newborn.
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Table 6. The Outcome Measures in the Early-Term and the Full-Term Groups

Variable Early Term (n = 120) Full Term (n = 65) P Value
Birth Injury, n (%) 1 (0.8) 0 (0) .46036792
Birth Asphyxia, n (%) 12 (10) 3 (4.61) .20018832
Perinatal Death, n (%) 0 0 (0) NA
Neonatal Mortality, n (%) 0 0 (0) NA
SGA, n (%) 17 (14.17) 14 (21.54) .19991435
Neonatal Seizures, n (%) 5 (4.17) 3 (4.61) .88477896
Hypoglycemia, n (%) 5 (4.17) 1 (1.5) .33538316
RDS, n (%) 7 (5.8) 2 (3.1) .40548494
MAS, n (%) 4 (3.3) 6 (9.2) .09035709
TTNB, n (%) 27 (22.7) 8 (12.3) .09109024
Pneumonia, n (%) 6 (5) 3 (4.7) .90922389
Need for Mechanical Ventilation, n (%) 2 (1.7) 1 (1.5) .94957097
Need for CPAP, n (%) 4 (3.3) 1 (1.5) .47212421
Need for Supplemental Oxygen, n (%) 8 (6.7) 1 (1.5) .12164594
Stay on Ventilator, Mean (SD), d 3.17 (1.329) 1.00 (0) < .001
Stay on CPAP, Mean (SD), d 1.40 (0.843) 1.00 (0) .0002
Duration of Respiratory Support, Mean (SD), d 4.23 (1.897) 2.6 (0.930) < .001
Need of Surfactant, n (%) 3 (2.5) 0 (0) .19868694
Culture-Positive EOS, n (%) 3 (2.5) 1 (1.5) .667958
HS-PDA, n (%) 8 (6.7) 3 (4.6) .57341614
NNH, n (%) 55 (45.8) 15 (23.4) .0023129
Duration of Phototherapy, Mean (SD), d 1.78 (0.668) 1.72 (0.451) .5177
Exchange Transfusion, n (%) 1 (0.8) 0 (0) .46036792
NEC, n (%) 0 (0) 0 (0) NA
IVH, n (%) 6 (5) 3 (4.6) .90922389
Shock Requiring Inotropes, n (%) 3 (2.5) 0 (0) .19868694
Apnea, n (%) 2 (1.7) 0 (0) .29536602
Air Leaks, n (%) 2 (1.7) 0 (0) .29536602
Need for Parenteral Nutrition, n (%) 10 (8.3) 2 (3.1) .16574646
Duration of Parenteral Nutrition, Mean (SD), d 3.8 (1.398411798) (n = 10) 4 (1.414213562) (n = 2) .8574
Need for Blood Products, n (%) 12 (10) 5 (7.7) .60400337
Need for PRBC Transfusion, n (%) 2 (1.7) 3 (4.6) .23773076
Need for Platelet Transfusion, n (%) 4 (3.3) 0 (0) .13667506
Need for FFP Transfusion, n (%) 6 (5) 2 (3.1) .53921317
Time to Reach Full Feeds, Mean (SD), d 1.89 (1.50) 2.25 (1.871) .1556
Duration of Hospital Stay, Mean (SD), d 4.98 (2.257) 3.02 (0.798) < .001

CPAP, continuous positive airway pressure; EOS, early-onset sepsis; FFP, fresh frozen plasma; HS-PDA, hemodynamically significant patent ductus arteriosus; IVH, intraventricular hemorrhage; 
NEC, necrotizing enterocolitis; NNH, neonatal hyperbilirubinemia; MAS, meconium aspiration syndrome; PRBC, packed red blood cells; RDS, respiratory distress syndrome; SGA, small for 
gestational age; TTNB, transient tachypnea of the newborn.

Kadam RM, et al. Clinical Outcomes in Late-Preterm, Early-Term, and Full-Term Neonates
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There was no perinatal or neonatal mortality in the 
entire study population and none of the neonates devel-
oped NEC.

Discussion
The global incidence of late-preterm births is on a rise, 
and South Asia and Africa account for over 60% of pre-
term births.16 Management of late-preterm neonates 
requires a significant proportion of the national health 
resources.17 It has been repeatedly stated that in com-
parison to term neonates, late-preterm neonates are 
more at risk of morbidities and hence, require attention 
to reduce the overall morbidity and mortality.18 Much 
efforts have been put to reduce the early-term deliveries 
to curtail the associated morbidities.19,20 

Several maternal medical conditions, including hyper-
tensive disorders of pregnancy, diabetes, and asthma, 
are associated with an increased risk of induced or 
spontaneous preterm birth.4 In our study, the frequency 
of maternal complications was more in both the late-
preterm and early-term groups compared with the full-
term group. PPROM and PIH were observed more 
frequently in the mothers of late-preterm and early-
term neonates. 

In the population-based cohort study by Kramer et 
al,14 there was an increased prevalence of chorioamnio-
nitis, hypertension, and PROM in the preterm group. 
Kramer et al’s14 study also shows that the mortality rate 
was 3 times more in the late-preterm neonates com-
pared with the term neonates. 

However, there was no perinatal or neonatal mortal-
ity in our study. The clinical outcomes such as RDS, 
TTNB, EOS, HS-PDA, and NNH occurred signifi-
cantly in the late-preterm neonates compared with the 
full-term neonates. The need for and duration of respir-
atory support, including days on mechanical ventilation 
and need for surfactant, were significantly higher in the 
late-preterm group. The results related to RDS, TTNB, 
NNH, need for and duration of respiratory support, 
and need for surfactant were consistent with that of 
other studies in the literature.21-23 

The present study also compared outcomes of the early-
term neonates with that of term neonates. The incidence 
of NNH was significantly high in the early-term group. 
Also, the duration of respiratory support, including 
days on mechanical ventilation and hospital stay, was 
significantly more in the early-term group. Although 
not statistically significant, the need for mechanical 
ventilation and surfactant was more in the early-term 
group. Our study findings were comparable with the 
results of a study conducted by Sengupta et al.24 As 
expected, the full-term neonates weighed significantly 
more than the late-preterm and early-term neonates.

Our study also had a few limitations. This was a pro-
spective study based on a review of patients’ medical 
records by the treating physician, in which the physi-
cian’s final diagnosis has a tendency for bias. The rea-
son for the late-preterm or early-term deliveries could 
have been accounted for an observed increase in mor-
bidity among these neonates, which makes it impossible 
to comment about the contribution of gestational age 
as an independent risk factor for morbidities. The long-
term follow-up of these neonates was beyond the scope 
and design of the present study; however, some studies 
propose that preterm birth might have long-term effect 
on academic performance and development.25,26 A nota-
ble future direction would be to perform a long-term 
follow-up study on these neonates. 

To our knowledge, this is the first study in India com-
paring the outcomes of early-term neonates with full-
term neonates. This study demonstrates that gestational 
age remains a strong predictor of neonatal morbidity. 
The findings of this study would help healthcare pro-
viders during antenatal counseling of parents of late-
preterm and early-term groups. 

Conclusion
We conclude that the late-preterm and early-term deliv-
eries are associated with greater morbidity and increased 
NICU admissions. Targeted obstetric practices and 
maternal education aimed at reducing late-preterm and 
early-term deliveries will significantly influence health-
care costs by reducing NICU admissions. Further 
research focusing on maternal factors leading to 
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late-preterm and early-term deliveries and their finan-
cial effect and long-term morbidities among late-pre-
term and early-term neonates should be conducted. 
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