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ABBREVIATIONS
RDS: Respiratory Distress Syndrome ; NPR: The Norwegian 

Patient Registry; GA: Gestational Age; CPAP: Continuous Positive 
Airway Pressure; ROP: Retinopathy of Prematurity; NICU: 
Neonatal Intensive Care Unit; SGA: Small for Gestational Age; BPD: 
Bronchopulmonary Dysplasia; IVH: Intraventricular Hemorrhage; 
NEC: Necrotizing Enterocolitis; PDA: Patent Ductus Arteriosus

INTRODUCTION
Preterm birth, i.e. prior to 37 completed weeks of gestation is the 

second leading cause of infant mortality in the industrialized world 
after congenital anomalies [1]. Improved prenatal and obstetric 
care has together with advances in the care of the newborn infant 
contributed to increased survival rates the last decades, particularly for 
infants born at the threshold of viability [2,3]. However, in the 1990s 
increased survival was associated with an increase in neurological and 
mental complications [4,5]. This trend seems to have changed after 
the turn of the century. However, still a large proportion of preterm 
infants suffer from significant long-term sequelae [4,6,7] with major 
morbidity in 68% of survivors born <27 weeks of gestation [7].

Many industrialized countries spend substantial resources on 
health surveillance through national patient registries, but the utility 
of such registries in epidemiological research varies [8,9].

The primary aim of this study was to describe the temporal 
changes 2002-2010 in complications of prematurity and respiratory 
support in preterm infants. The secondary aim was to explore and 
discuss strengths and limitations of using a national patient registry 
in epidemiological studies of the newborn population. 

METHODS
The study was retrospective using individual register data from 

the Norwegian Patient Registry (NPR). 

Setting and Participants

In Norway Gestational Age (GA) is based on routine ultrasound 
screening of pregnancies at 17-19 weeks of gestation. Birth weight is 
defined as appropriate for gestational age or not according to centiles 
developed by Skjærven et al. [10]. A prospective national registry 

of neonatal quality of care was introduced in Norway in 2006 with 
complete registrations from 2008. 

We defined an infant as being <1 year of age and born in the year 
of observation and identified 557,790 infants admitted to hospital 
2002-2010 in the NPR [Table 1]. Of these, 33,882 were preterm, i.e., 
had a gestational age <37 weeks at birth. 

Data Collection and Definitions

Our unit of observation was preterm infants born the same year 
as they were admitted to hospital. All observations were censored at 
the end of the year or when the infant was transferred to a different 
hospital. For 15% of the observations we did not have birth date, only 
birth year. For these observations we used the first admission date in 
the year of birth as a proxy for birth date.

We used the International Statistical Classification of Diseases 
and Related Health Problems 10th Revision (ICD-10) Version for 2010 
and the diagnose codes for Respiratory Distress Syndrome (RDS), 
extremely low birth weight (<500g, 500-749g and 750-999g), very 
low birth weight (1000-1499g), and low birth weight (1500-1999g 
and 2000-2499g), Small for Gestational Age (SGA) (birth weight 
< 2SD below the mean or <10 centile), fetus and newborn affected 
by multiple pregnancy, Patent Ductus Arteriosus (PDA), extreme 
immaturity (GA<28 weeks), other preterm infants (GA ≥28 but 
<37 weeks), Bronchopulmonary Dysplasia (BPD) originating in the 
perinatal period, Retinopathy of Prematurity (ROP), Intraventricular 
Hemorrhage (IVH) and Necrotizing Enterocolitis (NEC) were 
included.

Definitions according to the Norwegian Association of 
Pediatricians:

RDS

Criterion A or B: 

A. All preterm infants < 32weeks of gestation receiving surfactant 
based on clinical criteria. 

B. Preterm infants < 37 weeks of gestation with respiratory distress 
lasting > 24 hours requiring supplementary oxygen and respiratory 
support (mechanical ventilation, continuous positive airway pressure 
(CPAP), high-flow nasal cannula) to maintain oxygen saturation 
>90%.  Exclusion of other disease such as meconium aspiration, 
pulmonary hypoplasia or sepsis/pneumonia.
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BPD

Pulmonary status should be evaluated at 28 days and 36 
weeks postmenstrual age and both criteria should be present:  
A. Changes on chest x-ray suggestive of BPD  
B. Prolonged oxygen requirement to keep an oxygen saturation >90% 
and/or need for respiratory support (mechanical ventilation, CPAP, 
high-flow nasal cannula).

IVH

Intraventricular non-traumatic hemorrhage in fetus or newborn 
Papile grade 1 

-Isolated subependymal hemorrhage. 

Intraventricular non-traumatic hemorrhage in fetus or newborn 
Papile grade 2 

-Subependymal hemorrhage with break-through to the ventricles 
without dilatation of the ventricles. 

Intraventricular non-traumatic hemorrhage in fetus or newborn 
Papile grade 3-4 

-Subependymal hemorrhage with break-through to the ventricles 
with dilatation of the ventricles. Parenchymal hemorrhage not 
mandatory.

NEC

One of the following criteria present: i) A + B or ii) C. 
A. One or more of the clinical signs i) bilious aspirate or vomit, ii) 
distended abdomen, iii) macroscopic/microscopic (guaiac) stool blood  
B. One or more of the radiological signs (x-ray/
ultrasound) i) pneumatosis, ii) hepatobiliary air, iii) free 
intraperitoneal gas or iv) fluid suspective of perforation. 
C. Surgical NEC 

Patients with mild to moderate RDS generally start CPAP 
treatment with a positive end expiratory pressure of 5 cmH2O and this 
can be increased slightly in the case of difficulties with oxygenation, 
except in extremely preterm infants with little or no spontaneous 
breathing efforts at birth. These infants are commonly intubated in 
the delivery room. Relative CPAP failure criteria leading to intubation 
and mechanical ventilation include an FiO2>0.4 and/or rising pCO2 
above 8 kPa (60 mmHg) or apnea requiring mask ventilation more 
than twice in an hour. 

The NPR assigned patients with a new Identification (ID) number 
each calendar year and in each hospital the patients were admitted 
to before 2008. After 2008 the NPR allows for tracking individual 
patients between years and hospitals. Our definition of an infant 
secures that data after 2008 is comparable to before 2008. 

Outcomes

Number and fraction of infants with RDS, BPD, ROP, IVH, NEC 
and in-hospital death; as well as mechanical ventilation and CPAP 
treatment. The NPR does not allow for identifying exact GA below 
28 weeks. As outcomes differ widely between GA 24 and 28 weeks, 
we stratified our results according to birth weight categories as an 
approximation to stratification by gestational weeks. We calculated 
Odds Ratio (OR) each year for the different outcomes adjusted for 
birth weight and other confounders, and unmeasured changes 
captured in the variable “year”. The year variable captures the 
variation in complications that is not captured by the other predictors 
included in the regression. 

Potential confounders of outcomes of prematurity

Current knowledge suggests that complications of prematurity 
are associated with birth weight, GA, SGA, male gender, multiple 
birth and PDA [11,12]. Hence, we controlled for these variables in 
multiple regression analyses.

Statistics and analytical procedures

Multiple logistic regressions were used to calculate OR for all 
outcomes using 2002 as reference year. We included the time trend 
as dummy variable, allowing the trend to both increase and decrease. 
I.e. it can increase one year, decrease over two years etc. We adjusted 
for confounders. 

Regression results are presented with 95% Confidence Intervals 
(CI) and figures show the estimated OR with 95% CI. Descriptive 
statistics are presented as actual observed values without CI since this 
is a total population material.

All analyses were conducted in Stata version 12 (StataCorp LP, 
Texas, USA). 

The study was performed in accordance with the Helsinki 
Declaration for medical research (World Medical Association 
1964/2002). The Norwegian Data Inspectorate approved the project. 
The Regional Committee for Medical and Health Research Ethics in 
Norway decided that the study did not require its approval. All data 
are presented in a manner that preserves personal anonymity. 

RESULTS
Complications 

In Table 1 the study population is presented by year and Table 
2 shows the fraction of patients with complications and respiratory 
support by birth weight category.  

Table 3 shows the results of the multiple regressions. Figure 1 
shows the change in OR for all outcome variables compared to the 
reference year 2002 in a multiple regression analysis with adjustments 
for birth weight, GA, SGA, male gender, multiple birth and PDA. 

The OR of RDS was 65% higher in 2010 compared to 2002 (OR: 
1.65; 95% CI: 1.43-1.89) (Table 3). The OR of BPD was 52% lower in 
2010 compared to 2002 (OR 0.48, 95% CI 0.34-0.68) and a declining 
trend was seen over the study period (Figure 1) The OR of ROP 
decreased from 2002-2006 (not significant) but increased significantly 
from 2008, resulting in an OR of ROP of 2.21 in 2010 compared to 
2002 (95% CI 1.53-3.17).  The increase in RDS and ROP (2008-2010) 
was seen with a fairly similar pattern in all birth weight categories, 
but more profound in the lower weight categories. The OR of IVH 
decreased from 2004-2009, and increased again in 2010 to a level not 
significantly different from 2002. There was no change in NEC over 
time. There was no change in OR for in-hospital mortality 2002-2010. 
However, high in-hospital mortality rates were seen especially the 
first days of life in the lower birth weight categories (Figure 2). 

Respiratory support

Due to missing data in seven hospitals in 2009, CPAP and 
mechanical ventilation was interpolated for these hospitals in 2009 as 
the average of 2008 and 2010 (Figure 3). Use of mechanical ventilation 
decreased and use of CPAP increased slightly 2002-2010.

DISCUSSION
In this total patient registry study we found that the risk of RDS 
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Table 1: The study population 2002-2010.

2002 2003 2004 2005 2006 2007 2008 2009 2010 Total

RDS 551 542 484 539 497 638 665 695 761 5,372

BPD 120 114 96 112 82 98 100 59 59 840

ROP 52 51 39 45 32 20 38 60 102 439

IVH 91 88 77 113 92 81 57 55 73 727

NEC 10 10 8 15 15 11 11 7 11 98

Death 72 87 69 60 95 71 66 83 58 661

CPAP 777 886 899 952 950 1,085 978 746* 1,132 8,405

Mechanical ventilator 356 349 327 345 336 347 284 251* 343 2,938

N (preterm infants included in our study) 3,731 3,649 3,778 3,874 3,847 3,802 3,865 3,712 3,624 33,882

Term infants (not included in our study) 42,323 43,202 43,580 43,228 44,562 44,626 46,095 47153 47,039 401,808
*CPAP and MV were not reported to The Norwegian patient registry from seven hospitals in 2009, i.e. the decline in 2009 is a data artifact. When interpolating data 
for missing hospitals as average of 2008 and 2010, CPAP in 2009 was 994 and MV was 298  
Respiratory Distress Syndrome (RDS), Continuous Positive Airway Pressure (CPAP), Retinopathy of Prematurity (ROP), Bronchopulmonary Dysplasia (BPD), 
Intraventricular Hemorrhage (IVH), Necrotizing Enterocolitis (NEC), Mechanical Ventilator (MV)

Table 2: Fraction of preterm patients with RDS, BPD, IVH, ROP, NEC, in-hospital mortality, mechanical ventilator and CPAP treatment, by birth weight*.

Preterm<28 weeks

RDS BPD ROP IVH NEC Mortality CPAP MV Observations (N)

<500 g or less 56.76 % 29.73 % 10.81 % 12.16 % 4.05 % 56.76 % 47.30 % 63.51 % 74

500-749 g 67.17 % 33.40 % 13.32 % 20.83 % 6.00 % 34.33 % 57.22 % 65.48 % 533

750-999 g 64.53 % 28.88 % 13.35 % 21.02 % 2.93 % 14.08 % 78.79 % 65.08 % 547

1000-1499 g 59.38 % 19.79 % 8.33 % 18.40 % 1.74 % 9.03 % 77.43 % 54.51 % 288

1500-1999 g 38.46 % 7.69 % 0.00 % 0.00 % 0.00 % 7.69 % 46.15 % 30.77 % 13

2000-2499 g 1.56 % 0.00 % 0.00 % 1.56 % 0.00 % 0.00 % 3.13 % 1.56 % 64

>2500 g 13.75 % 6.32 % 4.09 % 5.95 % 0.00 % 12.27 % 15.99 % 12.64 % 269

Total 54.08 % 24.22 % 10.46 % 17.06 % 3.13 % 20.25 % 58.45 % 53.02 % 1,788

Preterm 28-37 weeks of GA

RDS BPD ROP IVH NEC Mortality CPAP MV Observations (N)

<500 g or less 34.78 % 17.39 % 17.39 % 4.35 % 0.00 % 39.13 % 39.13 % 52.17 % 23

500-749 g 57.79 % 30.52 % 22.73 % 11.04 % 3.25 % 15.58 % 70.78 % 51.95 % 154

750-999 g 57.76 % 15.10 % 11.02 % 7.14 % 2.04 % 3.47 % 80.00 % 40.82 % 490

1000-1499 g 44.97 % 6.10 % 4.94 % 6.40 % 0.56 % 2.81 % 61.88 % 22.63 % 2,673

1500-1999 g 21.01 % 0.96 % 0.34 % 1.81 % 0.09 % 1.01 % 35.84 % 7.57 % 5,522

2000-2499 g 10.19 % 0.29 % 0.00 % 0.65 % 0.03 % 0.57 % 19.04 % 3.56 % 9,018

>2500 g 5.23 % 0.28 % 0.06 % 0.27 % 0.03 % 0.47 % 10.55 % 2.49 % 14,214

Total 13.73 % 1.27 % 0.79 % 1.31 % 0.13 % 0.93 % 22.93 % 6.20 % 32,094

All preterm infants

Total RDS BPD ROP IVH NEC Mortality CPAP MV Observations (N)

<500 g or less 51.55 % 26.80 % 12.37 % 10.31 % 3.09 % 52.58 % 45.36 % 60.82 % 97

500-749 g 65.07 % 32.75 % 15.43 % 18.63 % 5.39 % 30.13 % 60.26 % 62.45 % 687

750-999 g 61.33 % 22.37 % 12.25 % 14.46 % 2.51 % 9.06 % 79.36 % 53.62 % 1,037

1000-1499 g 46.37 % 7.43 % 5.27 % 7.57 % 0.68 % 3.41 % 63.39 % 25.73 % 2,961

1500-1999 g 21.05 % 0.98 % 0.34 % 1.81 % 0.09 % 1.03 % 35.86 % 7.62 % 5,535

2000-2499 g 10.13 % 0.29 % 0.00 % 0.66 % 0.03 % 0.56 % 18.93 % 3.55 % 9,082

>2500 g 5.39 % 0.39 % 0.13 % 0.38 % 0.03 % 0.69 % 10.65 % 2.68 % 14,483

Total 15.86 % 2.48 % 1.30 % 2.15 % 0.29 % 1.95 % 24.81 % 8.67 % 33,882

*The change in fractions in each weight category follows fairly the same pattern as described in Figure 1, 
Respiratory Distress Syndrome (RDS), Continuous Positive Airway Pressure (CPAP), Retinopathy of Prematurity (ROP), Bronchopulmonary Dysplasia (BPD), 
Intraventricular Hemorrhage (IVH), Necrotizing Enterocolitis (NEC), Mechanical Ventilator (MV)
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`  

Female 0.661 (0.618) (0.707) 0.762 (0.654) (0.889) 1.077 (0.882) (1.314) 0.740 (0.633) (0.865) 0.689 (0.457) (1.039) 0.619 (0.529) (0.725)

Birth weight<500g 13.519 (8.778) (20.818) 46.356 (26.491) (81.117) 79.402 (36.074) (174.773) 11.264 (5.361) (23.669) 68.734 (14.120) (334.575) 21.878 (14.529) (32.945)

Birth weight 500-749g 21.410 (17.404) (26.337) 57.083 (40.178) (81.101) 104.832 (61.269) (179.369) 21.497 (14.634) (31.579) 117.168 (37.670) (364.440) 9.376 (6.718) (13.085)

Birth weight 750-999g 20.408 (17.318) (24.049) 40.367 (29.061) (56.071) 83.181 (49.918) (138.609) 20.127 (14.068) (28.796) 58.787 (19.234) (179.676) 3.473 (2.452) (4.918)

Birth weight 1000-1499g 14.052 (12.652) (15.607) 17.732 (13.162) (23.888) 38.856 (24.037) (62.811) 18.304 (13.522) (24.778) 21.905 (7.438) (64.512) 2.646 (1.981) (3.534)

Birth weight 1500-1499g 4.816 (4.366) (5.312) 1.526 (1.085) (2.146) 0.959 (0.507) (1.815) 3.221 (2.368) (4.383) 2.108 (0.634) (7.010) 0.894 (0.679) (1.177)

Birth weight 2000-2499g 2.059 (1.863) (2.276) . .

<28 weeks  (P 072) 0.660 (0.570) (0.763) 0.402 (0.328) (0.493) 0.759 (0.586) (0.985) 0.285 (0.226) (0.358) 0.557 (0.323) (0.960) 0.222 (0.171) (0.286)

P atent duc tus  a rte rio s us 2.734 (2.370) (3.154) 1.563 (1.267) (1.930) 1.563 (1.209) (2.019) 1.152 (0.907) (1.462) 1.695 (1.039) (2.763) 0.576 (0.440) (0.755)

Multiple  birth 0.674 (0.604) (0.753) 0.325 (0.205) (0.515) 1.172 (0.815) (1.686) 0.309 (0.198) (0.481) 0.476 (0.148) (1.533) 0.909 (0.662) (1.249)

2003 0.936 (0.810) (1.082) 0.919 (0.685) (1.234) 0.962 (0.640) (1.446) 0.929 (0.679) (1.271) 1.002 (0.411) (2.444) 1.316 (0.959) (1.804)

2004 0.879 (0.759) (1.019) 0.897 (0.661) (1.219) 0.866 (0.559) (1.340) 0.902 (0.652) (1.246) 0.988 (0.384) (2.541) 1.164 (0.834) (1.626)

2005 0.917 (0.794) (1.059) 0.970 (0.722) (1.304) 0.886 (0.582) (1.350) 1.299 (0.965) (1.749) 1.692 (0.747) (3.832) 0.935 (0.661) (1.322)

2006 0.834 (0.720) (0.965) 0.641 (0.466) (0.880) 0.632 (0.399) (1.001) 0.996 (0.730) (1.359) 1.632 (0.721) (3.695) 1.432 (1.050) (1.954)

2007 1.172 (1.019) (1.348) 0.806 (0.595) (1.093) 0.368 (0.216) (0.627) 0.866 (0.629) (1.192) 1.188 (0.497) (2.841) 1.126 (0.809) (1.569)

2008 1.286 (1.119) (1.478) 0.815 (0.602) (1.103) 0.742 (0.479) (1.151) 0.589 (0.415) (0.835) 1.164 (0.487) (2.783) 0.957 (0.683) (1.342)

2009 1.321 (1.150) (1.517) 0.391 (0.277) (0.552) 1.112 (0.750) (1.649) 0.533 (0.375) (0.759) 0.659 (0.248) (1.755) 1.207 (0.877) (1.661)

2010 1.650 (1.439) (1.892) 0.483 (0.342) (0.683) 2.211 (1.539) (3.178) 0.878 (0.632) (1.219) 1.259 (0.524) (3.023) 1.030 (0.725) (1.463)

RDS BP D ROP IVH NEC Death

OR Hazard ra tio 95% CIOR OR OR

G e n de r -  R e f e re nc e  c a t e g o ry – M a le

B irt h  we ig ht -  R e f e re nc e  c a t e g o ry –   >2 5 0 0 g

Gestational age -  Reference category -Term (>28 weeks)-

Ye a r -   R e fe re nc e  c a te g o ry -2 0 0 2

95% CI 95% CI 95% CI 95% CI 95% CIOR

Table 3: Extraction of multiple logistic regression estimating time trends in odds ratio (OR) of RDS, BPD, ROP, IVH. NEC and in hospital mortality, coefficients of time 
trend in Figure 1.

Respiratory Distress Syndrome (RDS), Bronchopulmonary Dysplasia (BPD), Retinopathy of Prematurity (ROP), Intraventricular Hemorrhage (IVH), Necrotizing 
Enterocolitis (NEC), Confidence Interval (CI)

Figure 1: Estimated time trend in Respiratory Distress Syndrome (RDS), 
Retinopathy of Prematurity (ROP), Bronchopulmonary Dysplasia (BPD), 
Intraventricular Hemorrhage (IVH), Necrotizing Enterocolitis (NEC) and 
hazard ratio of in-hospital mortality 2002-2010. Adjusted for low birth weight, 
prematurity, patent ductus arteriosus, gender and multiple birth. Odds ratio 
using 2002 as reference year, coefficients from the rest of the multiple 
regression analysis presented in Table 3.

Figure 2: In-hospital mortality by weight categories, Kaplan-Meier failure 
estimates.

increased 2002-2010. The low average incidence of RDS in the extreme 
immaturity group (54%) might partly be explained by a mortality rate 
of 70% in the lower birth weight categories especially the first days 
of life. These infants may not have received all relevant diagnoses 
if they died early. Under diagnosing due to hospital financing in 
Norway where the Neonatal Intensive Care Units (NICUs) are 
being reimbursed for treating infants with a birth weight <1000g, 
irrespective of other diagnoses may be another possible explanation. 

It is outside of the scope of this study to speculate on reasons 

for an observed increase in RDS over the study period. Changes 
in registration practices might have influenced this development. 
However, observing a distinct trend over more than one year reduces 
the risk of this being a coincidence or a result of changing registration 
practices. 

Despite the increase in RDS, we found a decrease in BPD, a trend 
likely to be associated with less use of mechanical ventilation. In a 
Swedish study, the incidence of moderate-to-severe BPD in preterm 
infants with a mean birth weigh around 2 kg was 1.6-6.0% [13]. These 
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numbers are somewhat higher than those found in the NPR where 
0.98 % of infants with a birth weight 1500g-2000g and 7.43% of 
infants with a birth weight 1000-1499g were diagnosed with BPD. The 
incidence of ROP in the Swedish study of 2.7-6.6% was also higher 
that what we found in preterm infants of similar weight [13] [Table 
2].

OR for ROP increased from 2007-2010 in our study. Some studies 
conducted the past 15 years indicate a decrease in the incidence of 
ROP [14], whereas others found no change [15-18]. A more cautious 
use of supplementary oxygen reduces the incidence of severe ROP 
[19]. However, major changes in oxygen targeting in preterm infants 
did not take place during the study years. 

IVH decreased in our study except for 2004-2005 and 2009-2010. 
According to Volpe [20], the incidence of any grade IVH is 10-30%. 
In our data, the incidence was on average 2.15%, varying from 1.31% 
for moderately preterm infants to 17.06% for extremely preterm 
infants (GA <28 weeks) [Table 2].

We found a low and stable incidence of NEC, on average 0.29%, 
and 5.39% if birth weight 500-749g [Table 2]. 

Following the introduction of prenatal steroids and surfactant 
treatment, as well as multicenter randomized controlled trials such 
as the COIN trial [21,22], CPAP has replaced mechanical ventilator 
treatment in many preterm infants [23]. Data from the Norwegian 
NPR confirmed this trend when interpolating data per hospital.

CONFOUNDERS
Birth weight and GA have been used as predictors of long-term 

disability [24-26]. In our study, birth weight and GA as well as SGA 
and male gender were predictors of RDS in a multiple regressions 
analysis. Interestingly, multiple birth was associated with a lower 
incidence of RDS compared to singletons of the same weight, GA etc. 
Contrary to common beliefs and population data [11], gender did not 
influence any of the main outcomes, except RDS when we adjusted 
for SGA, weight and GA. 

LIMITATIONS
We did not adjust for prenatal steroids and surfactant treatment. 

However, these factors can be assumed to have been constant 
throughout the study period. We did not differentiate between 
different stages of ROP, moderate and severe BPD; or grading of IVH. 
The retrospective nature of the study, and the fact that the results 
rely on routine reporting practices pose challenges to interpretation 
of the results. Changes in reporting practices associated with the 
introduction of the prospective Norwegian registry of neonatal 
quality of care cannot completely explain changes in OR after 2008, 
since there is no consistent trend in OR for all the different outcomes 

2008-2010. However, as can be seen from Table 2, a number of infants 
with GA <28 weeks has been registered with a birth weight >2500g. 
This may be due to missing data resulting in a ‘default’ registration of 
‘normal birth weight’ or alternatively, the infant’s weight at the time 
of transfer to a local level 2 NICU has been registered as birth weight. 
Finally, the temporary ID numbers assigned to newborn infants in 
Norway make registry data less reliable the first year of life. Some 
of the infants in our study have been included multiple times when 
admitted to several hospitals with the same diagnoses, and incidence 
of the study outcomes except mortality is likely to be overestimated. 
Despite this, except for IVH we found fewer complications in the 
extremely preterm group than in the prospective Swedish EXPRESS 
study [7]. Some of the differences in outcome data in the NPR and 
the EXPRESS study should be attributed to the retrospective nature 
of our study. 

Despite these limitations, we claim that the NPR can be used to 
describe temporal changes in the outcomes of interest. The results do 
not indicate that the variables described in this paper were influenced 
systematically by the introduction of the Norwegian registry of 
neonatal quality of care in 2008, since some variables increased, some 
decreased, whereas other variables remained stable after 2008. 

Strengths of our study include the population-based design and 
the fact that our data reflect preterm morbidity the last decade. Many 
epidemiological studies of extremely preterm infants are from the 
early 2000s [2]. Also, few studies have studied temporal changes the 
way we did in the present study. 

In conclusion, the risk of RDS increased whereas BPD risk 
decreased. ROP decreased from 2002-2006 and IVH from 2005-2009 
followed by an increase. There was neither a change in NEC, nor in in-
hospital mortality. Use of mechanical ventilation decreased and use 
of CPAP increased slightly. There is a need for cautious interpretation 
of data from the national patient registry. However, the data can be 
useful for estimating time trends to be further explored.
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