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ABSTRACT: Respiratory distress syndrome (RDS) and transient tachypnoea (TT)
are the most frequent acute respiratory diseases in the newborn. This study investigated the risk factors for RDS and TT in newborn infants.
A population of 63,537 newborns was enrolled in a 12-month survey in Italy, 734
(1.15%) affected by RDS and 594 (0.93%) affected by TT. Multivariate regression
analysis of maternal and perinatal data and the calculation of odds ratios (with 95%
confidence intervals) were performed.
It was demonstrated that gestational age, birthweight, maternal age, elective and
emergency caesarean section (CS), and male sex were risk factors for RDS, while
gestational age, maternal diseases, twinning, birthweight, operative vaginal delivery,
elective and emergency CS, and male sex were risk factors for TT.
The data confirm previous reports and demonstrate that advanced maternal age is
a risk factor for RDS, while ruling out maternal diseases as independent risk factors
for RDS.
Eur Respir J 1999; 14: 155±159.

Morbidity and mortality in the neonatal period are
mainly due to respiratory disorders, respiratory distress
syndrome (RDS), with transient tachypnoea (TT) being the
most frequent. Recently, only a few area-based prospective
studies have been carried out evaluating the occurrence of
acute respiratory illness and its risk factors. Moreover,
virtually none have been performed after the introduction of antenatal induction of lung maturity. In 1981,
HJALMARSON [1] related the frequency of acute respiratory
disorders to gestational age, birthweight, sex and postnatal asphyxia and, in 1994, BONAFEÁ and RUBALTELLI [2]
related the incidence of neonatal respiratory disorders to
gestational age and birthweight.
The purpose of this study was to investigate maternal
and perinatal risk factors for RDS and TT in newborn
infants. The Italian Group of Neonatal Pneumology performed a multicentre prospective study with the primary
end point of evaluation of the incidence of major acute
neonatal respiratory illnesses and related complications [3].
The collected data set was large enough to permit examination of the perinatal and maternal risk factors for the
development of RDS and of TT in the neonate.
Patients and methods
Study design
This study was carried out between February 1, 1995
and January 31, 1996 and involved all Italian infants born
in 65 hospitals located in 17 Italian regions. Owing to the
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fact that almost all infants in Italy are born in hospitals and
that every unit in this study covered a geographically
defined area, the newborn infants in a total and unselected
population could be studied.
The participating hospitals were classified, according to
international practice [4], as level III hospitals with full
resources for obstetric and neonatal intensive care (n=35)
or county level II hospitals with full resources for neonatal intensive care (these hospitals seldom refer mothers
with high-risk pregnancies or neonates with surgical illnesses or other particular pathologies to level III hospitals
(n=30)). The incidence of RDS, TT, meconium aspiration
syndrome (MAS), persistent foetal circulation (PFC) and
pneumonia were evaluated. Furthermore, the incidence of
the main associated complications, such as bronchopulmonary dysplasia, intraventricular haemorrhage, necrotizing enterocolitis, patent ductus arteriosus, and air leak
were analysed. For all newborn infants, form No. 1 was
filled in. The data requested included birth date, sex,
singleton or twin, gestational age (calculated on the basis
of chronological criteria), birthweight, Apgar score, congenital malformations, type of delivery, induction of foetal lung maturity (steroids or ambroxol) and disorders of
pregnancy. For the infants with respiratory disorders,
form No. 2 was also filled in; it included the diagnosis of
respiratory disease, the type of respiratory support (oxygen therapy, continuous positive airway pressure, mechanical ventilation and surfactant treatment), the occurrence
of major complications, maternal age, pregnancy number,
the type of delivery and whether or not induction of foetal
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lung maturity with corticosteroids had been performed. In
addition, form 2 included disorders of pregnancy such as
gestosis, placenta praevia or placental abruption, intrauterine growth retardation, maternal fever (of >24 h duration), premature rupture of foetal membranes (PROM),
gestational and preconceptional diabetes and isoimmunization. In the event that the infant was transferred to another hospital, form 2 was completed by the physician in
charge of the patient at that hospital.
All infants born in participating hospitals were enrolled
in the study; to exclude the loss of data in all participating
hospitals, the number of infants born was compared to the
number of infants enrolled in the study.
Induction of lung maturity was considered to have been
performed in cases in which a full course of betamethasone
(two doses of 12 mg.24 h-1) was administered to the
mother.
Risk factors were evaluated only in newborn infants
affected by RDS or TT, due to the small number of patients
affected by the other respiratory diseases studied (MAS,
PFC, pneumonia). The following were considered possible
risk factors: 1) maternal parity; 2) type of delivery (vaginal
delivery, operative vaginal delivery with forceps or vacuum, elective caesarean section (CS) or emergency CS); 3)
birthplace in Northern, Central or Southern Italy; 4) single
or multiple pregnancy; 5) presence of one or more maternal
diseases; 6) female or male sex; 7) birthweight; 8) gestational age; and 9) maternal age.
The Apgar score was not considered a risk factor for
RDS and TT, due to its poor value in predicting the development of both acute respiratory disorders and perinatal
asphyxia in newborn infants with gestational ages <30
weeks and birthweights <1,500 g [5, 6].
Among risk factors, perinatal asphyxia was not considered due to the lack of the necessary information in the
collected data (i.e. signs and symptoms of neurological
sequelae and multiorgan system dysfunction, and blood
gas analysis showing metabolic or mixed acidaemia) for
making a firm diagnosis [5].
Diagnostic criteria
Respiratory distress syndrome. The criteria for RDS include: oxygen-dependence increasing during the first 24
h; absence of any sign of infection; and a typical radiological pattern with reduced air content, reticulogranular
pattern of the lung, and air bronchograms.
Transient tachypnoea. The criteria for TT include: any
oxygen supplement requirement during the first 6 h
which does not increase during the subsequent 18 h; the
usual improvement in clinical condition within 3±6 h;
and chest radiographs which are either normal or show
reduced translucency, infiltrates and hyperinsufflation of
the lungs.
All the infants affected by respiratory failure who had:
1) a suggestive maternal history (PROM, fever during the
12 h antepartum or amnionitis); 2) clinical signs of infection (temperature instability, hypotension, metabolic
acidosis, poor feeding, diminished activity or lethargy); 3)
significant results from laboratory studies (anomalies of
white blood cell count and of immature-to-total-neutrophil
(I/T) ratio, increase in C-reactive protein levels or positive
blood and/or bronchotracheal sample cultures); and 4) a

radiographic pattern compatible with lung infection, were
considered affected by pneumonia and excluded from the
group of infants affected by RDS or TT.
Statistical methods
Wald's test and the Chi-squared test were utilized to
evaluate the statistical significance of qualitative and quantitative variables. Logistic regression analysis was used to
assess the independent relationship between the onset of
RDS or TT and risk factors. A p-value <0.05 was considered statistically significant. All variables were included
in a stepwise multivariate logistic regression analysis using
a backward elimination procedure. At each stage the variable with the largest p-value was eliminated, and the
procedure started again, leading to the elimination of another variable (again, the one with the greatest p-value),
until all of the remaining variables were statistically significant (p<0.05).
To simplify interpretation of the results, odds ratios
(ORs) and their 95% confidence intervals (CIs) were calculated by means of multivariate logistic regression analysis, using a low-risk reference group: 1) first pregnancy;
2) vaginal delivery; 3) single pregnancy; 4) absence of
maternal disease; 5) female sex; 6) birthweight $2,500 g;
7) gestational age >36 weeks; 8) maternal age <32 yrs, to
evaluate the effect of each of the eight risk factors considered.
Results
Of 63,537 live infants enrolled in this study, 2.2%
(1,427) developed an acute respiratory disorder. The clinical and demographic data of infants affected by RDS and
TT are reported in table 1.
The incidence of RDS was 1.16% (n=734), with an
overall mortality of 24% (176/734). Mortality was inversely related to gestational age (table 2). The antenatal induction of lung maturity with steroidal maternal treatment
was performed in 74.9% (550/734) of affected infants.
The Apgar score at the 1st minute was <4 in 32.3% (237/
734) of affected newborns, 4±6 in 37.2% (273/734) and
>7 in 30.5% (224/734). The Apgar score at the 5th min
was <4 in 5.4% (40/734) of affected newborns, 4±6 in
31.3% (230/734) and >7 in 63.2% (464/734).
RDS was more frequent at the first or after the fourth
pregnancy, after emergency CS, when the mother was >32
yrs old, when the mother was affected by a disease of
pregnancy, when the infant was male or a twin, and when
the birthweight and gestational age were <1,500 g or <36
weeks, respectively.
Wald's test and the Chi-squared test showed that: 1)
gestational age, 2) type of delivery, 3) birthweight, 4) sex,
and 5) maternal age, were risk factors for RDS (table 3).
Multivariate regression analysis confirmed the role of
gestational age, birthweight and maternal age as risk
factors for RDS and, moreover, demonstrated that elective and emergency CS, among different types of delivery, were risk factors, as was male sex in comparison
with female sex. These results were confirmed by calculation of ORs and their 95% CIs (table 4).
The incidence of TT was 0.93% (n=594), with an overall
mortality of 1.3% (8/594) (table 2). The Apgar score at the
1st minute was <4 in 8.1% (48/594) of affected newborns,
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Table 1. ± Clinical and demographic data of newborn infants affected by respiratory distress syndrome (RDS) and transient tachypnoea (TT)
Total n
n
Birthweight
<1500
1500±2499 g
>2500 g
Gestational age
<36 weeks
36±42 weeks
>42 weeks
Maternal age
<32 yrs
$32 yrs
Number of pregnancy
First
Second
Third
Fourth
Fifth or more
Delivery type
Vaginal
Operative vaginal
Elective CS
Emergency CS
Sex
Male
Female
Twins
Singletons
Maternal diseases
Yes
No

RDS n (%)

TT n (%)

734

594

1036
3864
58224

404 (39.0)
257 (6.7)
73 (0.1)

77 (7.4)
223 (5.8)
294 (0.5)

3407
59990

681 (20.0)
53 (0.1)

350 (1.0)
244 (0.4)

40152
22556

442 (1.1)
292 (1.3)

377 (0.9)
217 (1.0)

28066
20335
7230
2395
1351

336
191
90
30
25

282
181
59
31
23

(1.2)
(1.0)
(1.2)
(1.3)
(1.9)

43941
1621
11021
1351

215 (0.5)
1 (0.1)
158 (1.4)
360 (26.6)

32806
30703
1531
62006

412 (1.3)
322 (1.1)
167 (10.9)
567 (0.9)

62708
62708

475 (0.8)
259 (0.4)

(1.0)
(0.9)
(0.8)
(1.3)
(1.7)

226 (0.5)
13 (0.8)
157 (1.4)
198 (14.7)
342
252
94
500

(1.0)
(0.8)
(6.1)
(0.8)

269 (0.4)
325 (0.5)

CS: Caesarean section.

4±6 in 28.8% (171/594) and >7 in 63.1% (375/594). The
Apgar score at the 5th minute was <4 in 1.3% (8/594) of
affected newborns, 4±6 in 8.6% (51/594) and >7 in 90.1%
(535/594).
The antenatal induction of lung maturity with steroidal
maternal treatment was performed in 72.4% (430/594) of
affected infants. This respiratory disorder resulted more
Table 2. ± Mortality of newborn infants with respiratory
distress syndrome (RDS) and transient tachypnoea (TT) in
relation to gestational age
Weeks
<24
24
25
26
27
28
29
30
31
32
33
34
35
36
>36
Total

RDS
10/11 (90.9)
25/30 (83.3)
18/25 (72)
19/36 (52.8)
22/47 (46.9)
23/58 (39.6)
15/70 (21.4)
15/78 (19.2)
9/86 (10.5)
5/88 (5.7)
1/52 (1.9)
3/41 (7.3)
2/39 (5.1)
1/20 (5)
8/53 (15)
176/734 (24)

Data are presented as ratio (%).

TT
0
0
0/1 (0)
0/1 (0)
1/5 (20)
0/4 (0)
3/11 (27.2)
0/15 (0)
0/25 (0)
2/41 (4.9)
0/44 (0)
0/76 (0)
0/65 (0)
0/62 (0)
2/244 (0.8)
8/594 (1.3)

frequently after the third pregnancy, after CS, when the
infant was male or a twin, and when birthweight and
gestational age were <1,500 g or <36 weeks, respectively.
Wald's test and the Chi-squared test showed that: 1)
gestational age, 2) type of delivery, 3) maternal diseases, 4)
twin pregnancy, 5) birthweight, and 6) sex were risk factors
for TT (table 5). Multivariate regression analysis confirmed the role of gestational age, maternal diseases, twinning
and birthweight on the onset of TT and, moreover, demonstrated that operative vaginal delivery, elective and
emergency CS and male sex were risk factors. These results were confirmed by calculation of ORs and their 95%
CI (table 6).
Discussion
Knowledge of epidemiological data permits assessment
of possible changes in the incidence of pathologies and
their risk factors. Analysis of epidemiological data cannot
Table 3. ± Chi-squared and p-values of the statistically
significant risk factors for respiratory distress syndrome
Variable
Gestational age
Delivery type
Birthweight
Sex
Maternal age

Chi-squared

p-value

3241.677
187.588
125.089
6.579
3.892

<0.001
<0.001
<0.001
0.010
0.049
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Table 4. ± Coefficients of multiple correlation (R), p-values, odds ratios (ORs) and 95% confidence intervals (CIs) of the
statistically significant risk factors for respiratory distress syndrome
Variable
Elective CS versus vaginal delivery
Emergency CS versus vaginal delivery
Male versus female
Birthweight
Gestational age
Maternal age

R

p-value

OR

95% CI

0.0511
0.1176
0.0258
-0.1272
-0.1706
-0.0167

<0.0001
<0.0001
0.011
<0.0001
<0.0001
0.0488

1.88
3.46
1.30
0.88
0.72
0.98

1.42±2.48
2.69±4.44
1.06±1.60
0.86±0.90
0.69±0.75
0.96±0.99

CS: Caesarean section.

exclude comparison with previous data and, with regard to
this aspect, some observations should be made: 1) in recent
years, few studies regarding risk factors for RDS and TT
have been performed and it is, therefore, difficult to compare the present results with those of other reports; 2)
owing to the introduction in the 1990s of induction of lung
maturity and other advances in neonatal respiratory support (e.g.: surfactant and high-frequency oscillatory ventilation), the findings of certain papers, such as the Swedish
study of HJALMARSON [1], can no longer be utilized; 3)
many epidemiological studies can only partially be compared to the present survey because they investigated
newborn infants selected by disorders and birth weight,
and did not study general newborn population as in the
present case.
The current prospective survey confirmed that RDS and
TT are frequent neonatal acute respiratory disorders and
that the mortality rates caused by them are higher in newborn infants with lower gestational age. The occurrence of
antenatal prophylaxis for RDS (44.9%) and TT (72.4%) by
maternal treatment with steroids was very high in this
population. The newborns studied by LENOIR et al. [6]
received antenatal steroidal treatment in 5.5% of cases;
these data are not reported by MONSET-COUCHARD et al. [7]
and are not comparable to those of the Padua study group
(14% in infants born before 34 weeks' gestation) [2]. The
high frequency of neonatal respiratory disease prevention
could partially explain the reduction in RDS incidence
that was observed in comparison with previous studies
performed in Sweden (1.15% versus 2.9%) [1] and in
Italy (3.3%) [2]. When considering the occurrence of TT,
an incidence similar to that previously observed in Italy
(0.93 versus 1.12%) was found, however further comparative analysis could not be performed due do to the
lack of other comparable data in the literature.
As stated two decades ago in previous studies, the present work confirmed that the frequency of RDS is inversely related to gestational age and birthweight [1, 8, 9],
that CS can favour the onset of RDS [2, 6, 7, 10] and that
male sex is a strong risk factor [1, 2, 9, 11] for RDS.
Table 5. ± Chi-squared and p-values of the statistically
significant risk factors for transient tachypnoea
Variable
Gestational age
Delivery type
Maternal diseases
Twinning
Birthweight
Sex

Chi-squared

p-value

850.719
156.357
33.579
18.051
14.578
13.626

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Logistic regression analysis did not demonstrate relations between maternal diseases and RDS, probably due to
the fact that infants of mothers with maternal diseases are
commonly subjected to predisposing insults, such as premature birth and CS, which represent the real risk factors
[8]. In confirmation of this interpretation, HUBBELL et al.
[12] in a series of almost 500 consecutive infants of diabetic mothers, could not demonstrate any role for maternal diabetes as an independent variable in RDS because
of the high CS rate. Moreover USHER et al. [13] in another
study, concluded that the observed association of maternal diabetes and RDS is attributable to the obstetric
practice of premature delivery by CS rather than to diabetes per se.
It was observed that advanced maternal age is a risk
factor for RDS, a correlation that has never been found
before; such a finding could possibly be explained by the
increased levels of maternal diseases (hypertension, diabetes, placenta praevia and placental abruption) in older
women, conditions which are related to more frequent preterm deliveries [14] and CS, as reported above.
Transient tachypnoea of the newborn is usually a benign
self-limiting disease [15]. However, affected infants may
experience morbidity due to hypoxaemia [16], pulmonary
air leaks [17] and persistent pulmonary hypertension [16,
18, 19]. The most commonly proposed mechanism is a
delay in reabsorption of lung fluid [16], but recently a role
for a slight immaturity of the surfactant system has been
suggested [20].
The present data are in partial agreement with previous reports [16±19, 21, 22], confirming that the onset of
TT is favoured by prematurity [16], and that it is more
frequent in infants born by CS [17, 21, 22], those whose
mothers were affected by maternal diseases [17], male
infants [17, 19, 21, 22], and twins, the latter never having
been previously reported in the literature.
It was observed that TT, although commonly considered
a typical respiratory disease of near-term or term infants,
not infrequently affected very low birthweight infants
(7.4%) with a significant case fatality rate (7.8%). Furthermore, in disagreement with RAWLINGS and SMITH [22],
none of the affected newborns had a birthweight >4,000
g, excluding the possibility that macrosomia favours the
development of TT.
In conclusion, the present data confirm the role of gestational age, birthweight, caesarean section delivery and
male sex as risk factors for respiratory distress syndrome
and transient tachypnoea; demonstrate that advanced maternal age is a risk factor for respiratory distress syndrome;
and rule out the possibility that maternal diseases can act as
independent risk factors for respiratory distress syndrome.
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Table 6. ± Coefficients of multiple correlation (R), p-values, odds ratios (ORs) and 95% confidence intervals (CIs) of the
statistically significant risks factors for transient tachypnoea
Variable
Operative versus non-operative vaginal delivery
Elective CS versus vaginal delivery
Emergency CS versus vaginal delivery
Male versus female
Twinning
Maternal diseases
Birthweight
Gestational age

R

p-value

OR

95% CI

0.0278
0.0658
0.1080
0.0430
0.0416
0.0669
-0.0497
-0.1441

0.0092
<0.0001
<0.0001
0.0002
0.0004
<0.0001
<0.0001
<0.0001

2.12
1.86
2.86
1.39
1.64
1.81
0.96
0.79

1.20±3.74
1.48±2.33
2.25±3.63
1.16±1.67
1.25±2.15
1.46±2.24
0.94±0.97
0.76±0.82

CS: Caesarean section.

This study represents a recent reference for the evaluation
of maternal and perinatal risk factors for the development
of respiratory distress syndrome and transient tachypnoea.
Members of the Italian Group of Neonatal Pneumology.
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