
Background: Late preterm infants have increased 
rates of morbidity and mortality compared to term 
infants. Determining the risk factors in these infants 
leads to more comprehensive preventive and 
treatment strategies. 
Aims: Our aim was to analyse the morbidity rates such 
as respiratory system diseases, infections, 
congenital anomalies, hypoglycemia and hematologic 
abnormalities and mortality rates in a large 
group of patients at a referral center.  
Study Design: Retrospective cross-sectional study.
Methods: Medical records of late preterm and term 
infants who were managed at the referral center were 
analysed.  

Results: 41752 births were analysed in 3 years. 71.9% 
of all births were between 37-42 gestational weeks (i.e. 
term) and 16.1% were between 34-37 weeks (i.e. late 
preterm). Compared to term infants, late preterm in-
fants had increased rates of short-term problems. The 
rate of mortality increased with decreased gestational 
age. The duration of hospitalization was significantly 
higher in the smallest late preterm infants. 
Conclusion: This study demonstrated the need that 
late preterm infants who have higher risk for morbidity 
and mortality, compared to term infants require close 
monitoring. The rate of mortality and hospitalization 
increased with decreased gestational age.
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Preterm birth rates are on the increase all over the world 
and continue to be an important cause for neonatal mortality 
and morbidity. Although clinical investigations and statis-
tics have traditionally focused on premature infants born at 
a gestational age of 32 weeks or less, this increase is related 
to the increase in late preterm births and compared to term 
births, late preterms have increased risk of mortality and 
morbidity (1). National Institute of Child Health and Human 
Development (NICHHD) defines late preterm births as births 
between 340/7 to 366/7 weeks (2). These infants are usually 
considered to be developmentally and functionally as mature 
as term newborns and both obstetricians and neonatologists 
tend to consider these newborns to be protected from com-
mon perinatal problems. However, late preterm infants are 
more likely to develop problems such as respiratory distress, 
apnea, feeding intolerance, hyperbilirubinemia, hypoglyce-
mia and hypothermia (3). Moreover, the prevalance of these 
problems may be different in each country. Therefore, deter-
mining the risk factors in these infants leads to more com-

prehensive preventive and treatment strategies. Late preterm 
infants who have potentially higher risk for morbidity and 
hospitalization require closer monitoring and follow-up. In 
order to understand their needs better, we aimed to analyse 
the rate of late preterm births among a large cohort of births 
and determine risk factors as well as mortality and short term 
outcomes. 

MATERIALS AND METHODS

This study was conducted at a large referral hospital during 
the years 2008 – 2010 for a 3-year period. This hospital is 
one of the biggest maternity hospitals in the country and sees 
approximately 10000 births and 2000 neonatal intensive care 
unit (NICU) admissions annually. Demographical and clinical 
data were retrieved from the patients’ medical records.

Medical records of all infants born in the hospital were 
evaluated. Babies who were between 340/7 to 366/7 weeks and 



admitted to the NICU for any reason were compared with 
term infants (i.e. 370/7 to 416/7 gestational weeks). According 
to our hospital policy, infants with a weight of greater than 
2000 grams are followed in the mother’s room and moni-
tored for short- term complications. Infants who are deemed 
to have no medical problems, and have succeeded in post-
natal adaptation are discharged with an arranged follow-up 
visit within the next 24-48 hours. Term infants who had been 
admitted to the NICU for respiratory distress, temperature 
instability, hypoglycemia, jaundice, poor feeding, sepsis, 
polycythemia, dehydration or congenital anomalies were 
recruited for comparison. Late preterm infants were further 
stratified for each gestational week (i.e. 340/7 to 346/7; 350/7 
to 356/7 and 360/7 to 366/7) and analysed for rates of mortal-
ity and short-term outcomes. Respiratory distress syndrome 
was defined as tachypnea and intercostal retractions with or 
without grunting, necessitating the administration of supple-
mental oxygen or ventilatory support coupled with roentgen-
ographic findings of decreased aerization or ground glass ap-
pearance; transient tachypnea of the newborn was defined as 
mild respiratory distress and tachypnea lasting for at most 48 
hours and does not necessitate assisted ventilation methods 
coupled with radiographic findings of perihilar steraking, fis-
sure edema and congestion; meconium aspiration syndrome 
was defined as presence of meconium in the amniotic fluid, 
coupled with respiratory symptoms and typical radiological 
appearence of the lung; pneumonia was defined as respira-
tory symptoms with typical radiological lung findings (4); 
sepsis was defined any culture-proven infection; meningitis 
was defined any bacterial growth in the cerebrospinal fluid; 
temperature instability was defined as any body temperature 
below 35.0OC or above 37.9OC (5); jaundice was defined any 
hyperbilirubinemia above the age-spesific threshold level of 
bilirubin necessitating phototherapy or exchange transfusion 
(6); hypoglycemia was defined as a blood sugar <47mg/dL; 
polycythemia was defined as a hematocrit of >0.65 (7). 

The data were analysed using SPSS ver. 16.0 (IBM Cor-
poration; New York, USA). The variables were investigated 
using visual (histograms, probability plots) and analytical 
methods (Kolmogorov-Simirnov test) to determine whether 
or not they were normally distributed. Descriptive analyses 
were presented using means and standart deviations for mor-
mally distributed variables and median (25% - 75%) for the 
variables not normally distributed. Student’s t-test was used to 
compare normally distributed variables and Mann Whithey-
U test was used otherwise. Kruskal Wallis test was used for 
nonparametric variables when there were more than 2 groups. 
Cross tables were performed for categoric variables and these 
variables were compared using Chi-square test. A p value of 
less than 0.05 was considered to be statistically significant. 

This study was approved by the Ethical Committee of our 

hospital. Written informed consent was obtained from the par-
ents of the patients during the hospitalization period. 

RESULTS

During the study period, there were 41752 births in the 
hospital which included 30055 (71.9%) term, 11273 (27%) 
preterm and 459 (1,1%) post-term infants. Late preterm in-
fants constituted 59.9% (n=6741) of all preterm infants. 1179 
(17.5%) of late preterm infants and 1941 (6.5%) of term in-
fants were admitted to the NICU (p=0.001). Gestational age, 
birth weight, and rate of gestational diabetes were significant-
ly lower in late preterm infants, whereas rate of cesarean sec-
tion, number of males, perinatal asphyxia, premature rupture 
of membranes and preeclampsia were significantly higher in 
late preterms compared to term ones. Only the rate of oligohy-
dramnios, did not reach significant difference. Demographic 
data for the study population are shown in Table 1. 

The main reason for admission was respiratory distress for 
late preterm infants (39.4%). Of these infants, 403 (34.2%) 
had transient tachypnea of the newborn; 52 (4.4%) had pneu-
monia and 9 (0.8%) had meconium aspiration syndrome. Late 
preterm infants had higher risk for perinatal morbidities ex-
cept for meningitis, indirect hyperbilirubinemia, and congeni-
tal anomalies. Mortality did not change among the infants who 
were hospitalized. The morbidites of hospitalized infants are 
shown on Table 2. The median hospitalization duration of late 
preterm infants was 7 days (4-11 days) whereas it was 4 (2-8) 
days for term infants (p<0.001). 

The most prevalant cause of death in late preterm infants 
was respiratory distress, followed by congenital anomalies, 
which was the main cause of death in term infants. Death from 

 Late preterm  Term infants 
 infants (n=1179) (n=1941) p

Gestational age (weeks) mean±SD 35.1±0.8 38.9±1.3 <0.001

Male, n (%) 652 (55.3) 988 (50.9) 0.017

Birthweight (g) mean±SD 2246±514 3083±625 <0.001

Cesarean section, n (%) 704 (59.7) 631 (32.5) <0.001

Premature rupture of membranes, n (%) 104 (8.8) 66 (3.4) <0.001

Oligohydramnios, n (%) 33 (2.8) 39 (2.0) 0.15

Preeclampsia, n (%) 99 (8.4) 82 (4.2) <0.001

Gestational diabetes, n (%) 42 (3.6) 103 (5.3) 0.025

Perinatal asphyxia, n (%) 38 (3.2) 32 (1.6) 0.002

NICU: neonatal intensive care unit; SD: standart deviation; g: grams

TABLE 1. Demographic data of late preterm and term infants admitted 
to the NICU
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respiratory distress, pneumonia, perinatal asphyxia and sep-
sis were significantly higher in late preterm infants, whereas 
death from meconium aspiration syndrome and congenital 
anomalies were similar in both groups (Table 3). 

The rate of hospitalization (27.5%, 19%, 11% and 6.5% in 
34, 35, 36 and 37-42 weekers respectively) and overall mor-
tality (1.4%, 0.85%, 0.6% and 0.25% in 34, 35, 36, and 37-42 
weekers respectively) increased with decreasing gestational 
age (Table 4, p<0.001). The duration of hospitalization was 

higher in the smallest late preterm infants and it also increased 
with decreasing gestational age (p<0.001) (Table 4). 

DISCUSSION

Preterm births constitute almost 12.8% of all births and 75% 
of these are late preterm births (8). The rate of births below 34 
weeks has increased 10% since 1990 but the rate of late pre-
term births has increased almost 25% during the same period. 
Increased maternal age, increased use of assisted reproduc-
tive technologies and consequent multiple births as well as 
increased rates of induction of labor and cesarean section are 
all considered to have contributed to this rate (9). Late pre-
term infants have been traditionally considered as term infants 
and they have been managed in the same manner. However, 
studies have shown that late preterm infants are at higher risk 
for poor short-term outcomes including respiratory distress, 
hypothermia, hypoglycemia and hyperbilirubinemia as well 
as long-term outcomes with regard to developmental delay, 
school performance and social security benefits and therefore 
they should be approached more carefully (10).

In our study, 71.9% of all births were between 37-42 gesta-
tional weeks and 16.1% were between 34-366/7 weeks. The rate 
of late preterm infants among all preterms was 59.9%. This 
rate was similar to that of Çelik et al. (11), which was 60%. In 
a study performed in United States, this rate was found to be 
71.4% (5). In a nationwide study conducted in 2008, rate of 
preterm births was found to be 10% and rate of late preterm 
births was found to be 64% of preterm births (12). Atasay et 
al. (13) have reported a rate of 9.4% among 1852 infants and 
58.7% among preterm births, whereas Karataş et al. (14) have 
reported a rate of 6.7% among all births. 

Late preterm infants were more likely to be delivered by 
cesarean section than term infants (59.7% vs. 32.5%). The 
indications for cesarean sections were multiple, but most fre-
quent reasons were breech presentation, previous C-section, 
multiple births, fetal distress and antepartum hemorrhage. 
These results were comparable to others (2). However, more 
research is needed to refine the management of the fetus and 
mother at late preterm gestation.

Obstetric complications such as preeclampsia, premature rup-
ture of membranes, and perinatal asphxia were also significant-
ly higher in the late preterm group. Although perinatal asphyxia 
is not a serious problem in our population, rate of perinatal as-
phyxia was twice as common in late preterm infants. This is 
also an expected result, as prematurity increases the risk of birth 
asphyxia (15). Karataş et al. (14) have reported that the most 
frequent reason for late preterm births was preeclampsia. 

As expected, the rate of infants born to preeclamptic moth-

 Late preterm Term p 
 N=1179 N=1941 

Length of stay in hospital (days) 7 (4-11) 4 (2-8) <0.001

Respiratory distress, n (%) 403 (34.2%) 292 (15%) <0.001

Pneumonia, n (%) 52 (4.4%) 39 (2%) <0.001

Meconium aspiration syndrome, n (%) 9 (0.8%) 46 (2.4%) <0.001

Sepsis, n (%) 249 (21.1%) 216 (11.1%) <0.001

Meningitis, n (%) 6 (0.5%) 3 (0.2%) NS (0.07)

Indirect hyperbilirubinemia, n (%) 567 (48.1%) 898 (46.3%) NS (0.32)

Hypoglycemia, n (%) 180 (15.3%) 147 (7.6%) <0.001

Thrombocytopenia, n (%) 100 (8.5%) 9 (0.5%) <0.001

Congenital anomalies, n (%) 114 (9.7%) 230 (11.8%) NS (0.06)

Mortality 59 (5%) 77 (4%) NS (0.17)

NICU: neonatal intensive care unit

TABLE 2. Mortality and morbidity rates of late preterm and term infants 
admitted to the NICU

 Late preterm Term p

Respiratory distress, n (%) 37 (62.7) 7 (9.1) <0.001

Pneumonia, n (%) 9 (15.3) 4 (5.2) 0.047

Meconium aspiration syndrome, n (%) 2 (3.4) 9 (11.7) NS (0.07)

Perinatal asphyxia, n (%) 15 (25.4) 8 (10.4) 0.02

Sepsis, n (%) 29 (49.2) 13 (16.9) <0.001

Congenital anomalies, n (%) 36 (61) 49 (63.6) NS (0.7)

Other causes, n (%) 13 (22.1) 7 (9.1) 

TABLE 3. The causes of mortality

Gestational week 34-346/7  35-356/7 36-366/7 37-42 p 
 (n=1534) (n=2232) (n=2976) (n=30055) 

Hospitalization, n (%) 423 (27.5) 426 (19) 330 (11) 1942 (6.5) <0.001

Mortality, n (%) 22 (1.4) 19 (0.85) 18 (0.6) 77 (0.25) <0.001

Duration of hospitalization  8 (5-12) 6 (4-11) 7 (4-10) 4 (2-8) <0.001 
(days) 

TABLE 4. Hospitalization and death rates of all late preterm and term infants born 
in that period of time
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ers was higher in the late preterm group. The risk of preterm 
delivery is not increased in patients with diabetes, however 
rate of NICU admissions are increased significantly due to 
neonatal complications (16). Karataş et al. (14) have also re-
ported preeclampsia as the most common obstetric problem 
in late preterm infants. In our study, the rate of infants born to 
gestational diabetic mothers was higher in term infants. 

Hospitalization rate of infants born to mothers with prema-
ture rupture of membranes (PROM) were 2.5 times more in 
late preterm infants (8.8% vs. 3.4%). Atasay et al. (13) have 
found 1.4 times increased hospitalization rate among their late 
preterm infants. Jackson et al. (17) have reported a similar 
short time outcome in late preterm infants.

Our study reveals that 17.5% of late preterm infants and 
6.5% of term infants were hospitalized. In a similar study 
these rates were found to be 36.8% and 7.24% respectively 
(2). When stratified according to gestational week, hospital-
ization rates were also lower than those in our study (27.5% 
vs. 73.9% for 34 – 346/7 weekers; 19% vs. 43.4% for 35 – 356/7 
weekers; 11% vs. 20.9% for 36 – 366/7 weekers). Engle et al. 
(18) reports NICU admission rates of 88%, 54% and 25% for 
babies born at 34, 35, 36 weeks respectively, which are pretty 
higher than our ratios. Femitha and Bhat (19) have reported 
NICU admission rates of 49.6% and 14.4% for late preterm 
and term infants respectively. The reason for this discrepancy 
is not clear but may be due to the different hospitalization pol-
icies of different centers. In fact, in our hospital, infants less 
than 34 weeks and less than 2000 grams are admitted routinely 
whereas in the other center, infants less than 35 weeks and less 
than 2300 grams were admitted as a hospital policy. 

Respiratory disorders are the most important morbidities in 
late preterm infants. Transient tachypnea of the newborn, re-
spiratory distress syndrome, pneumonia and meconium aspi-
ration syndrome were the most frequent diagnoses, accounting 
for 39.4% of admissions to the NICU, compared to 19.4% in 
term infants. Rubaltelli et al. (20) reported that the occurence 
of respiratory distress was 20.6% at 33-34 weeks and 7.3% at 
35-36 weeks. These figures were 22.1% and 8.3% at Kaiser 
Permanente cohort (21). Kalyoncu et al. (22) have found a sig-
nificantly increased rate of respiratory problems among late 
preterm infants compared to term infants. Transient tachypnea 
of the newborn was the most common diagnosis, followed 
by RDS and pneumonia. In the study of Atasay et al. (13), 
respiratory distress was seen in 30% of late preterm infants. 
Although our rates are slightly higher than those reported, the 
differences are not significant. Late preterm infants are at the 
saccular-alveolar stage of lung development and underdevel-
opment of the lung surfactant system, as well as defective fetal 
alveolar fluid resorption and prelabour cesarean section may 
have contributed to increased rate of respiratory distress (23). 

As expected, meconium aspiration syndrome was higher in 
term infants. 

The incidence of hypoglycemia in late preterm infants is re-
ported to be 3 times that in term infants (24). In a systematic 
review, Teune et al. (25) have found a rate of 7.1% in late 
preterm infants. Laptook and Jackson (26) have stressed the 
increased incidence of nursery admissions in late preterem 
infants with hypoglycemia. In our study, hypoglycemia was 
twice as common in late preterm infants, which was compa-
rable to the rates reported before (22,27). The cause of hy-
poglycemia may be deficient hepatic gluconeogenesis, glyco-
genolysis, ketogenesis and lipolysis. Delayed and ineffective 
oral feedings may also contribute to hypoglycemia. 

Infection risk is increased in preterm infants, due to imma-
turity of the immunological system and increased number of 
interventions in these infants. Compared to term and extreme-
ly preterm infants, late preterm infants are intermediate with 
regard to immunologic maturity. In our study, the rate of sep-
ticemia was twice as high in late preterm infants compared to 
term infants (21.1% vs. 11.1%). These rates are comparable to 
that of Sinha et al. (28), who have showed that in infants less 
than 36 weeks, rate of infection is increased 3.7 times. Kaly-
oncu et al. (22) have reported 43 sepsis cases among 252 late 
preterm infants. Similarly Atasay et al. (13) have reported an 
infection rate of 15% among late preterm infants. Knashu et 
al. (29) have reported 5.2 times more infections in late preterm 
infants. However, rate of meningitis was not different between 
late preterm and term infants. 

Late preterm infants are reported to have 3 to 5 times higher 
mortality rates than term infants (30). In our study, among late 
preterm infants, mortality rates were 1.4%, 0.9%, 0.6% in 34, 
35 and 36 weekers respectively and 0.3% in term infants. In a 
similar study in the USA, these rates were 1.1, 1.5, 0.5 in late 
preterms and 0.20 per 1000 live births in term infants (31). 
Death from respiratory distress, pneumonia, perinatal asphyxia 
and sepsis were significantly higher in late preterm infants. The 
probable reasons for these increases were the early delivery 
of fetuses resulting in surfactant deficiency, inadvertent condi-
tions of delivery resulting in perinatal asphyxia and longer hos-
pitalization of late preterm infants resulting in increased rates 
of pneumonia and sepsis, which may be lethal. Our mortality 
rates in both late preterm and term infants were higher than this 
study but most of the infants (60%) who died had lethal con-
genital anomalies. On the other hand Kalyoncu et al. (22) have 
reported a mortality rate of 2.3% among late preterm infants, 
while there was no deaths among matched term infants. 

When we evaluate the mortality among hospitalized infants, 
there was not any difference between late preterm and term in-
fants which might be due to the high incidence of congenital 
anomalies which are the main cause of death in all population. 
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Fetuses with congenital anomalies are referred to our hospi-
tal too often and they usually succumb after birth, giving rise 
to the mortality rate. Most of these infants have antenatal di-
agnosis, but because of socio-cultural and religious reasons, 
most families deny therapeutic abortion and babies are born 
any way. 

Although jaundice is reported to be higher in late preterm 
infants, our findings were similar both late preterm and term 
infants (32). ABO incompatibility was even higher in the 
term group, whereas Rh incompatilibility was similar in both 
groups. However, Atasay et al. (13) have reported indirect 
hyperbilirubinemia as the most common neonatal problem 
among late preterm infants at a rate of 37.5%.

The limitation of our study is that, it reflects the results of a 
single center and the number of infants in each gestational age 
group who were hospitalized and who died were low. These 
results should be confirmed by larger studies. 

Our results indicate that late preterm infants are prone to 
many medical short-term complications such as respiratory dis-
tress, hypoglycemia, sepsis and mortality. Obstetricians should 
be cautious when deciding on the timing of birth, and should 
not be tolerant to interrupt pregnancy when there are maternal 
or fetal complications after 34 gestational weeks, whereas neo-
natologists should not tend to keep these newborns in low-risk 
nurseries or rooming in care and discharge infants early (33). A 
discussion between the obstetrician and the neonatologist about 
the outcome of the mother and the fetus and the optimal timing 
of delivery is crucial. Since late preterm infants have increased 
rate of problems, they should be followed up for a longer time 
in the hospital or should be called for close follow-up after the 
first days of discharge from the hospital. 
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