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SUMMARY
Background: Until now, there has been no comprehensive long-term study in 
Germany on the development of extremely premature infants up to school age. 

Methods: From October 2004 to September 2008, in the German federal state 
of Lower Saxony, 437 infants born at a gestational age less than 28 weeks 
were followed up at the ages of 2 and 5 years, and some at the age of 10 
years. The 5-year follow-up data were collated with the peri- and neonatologi-
cal parameters and compared with the 2– and 10-year follow-up data. 

Results: The mortality of extremely premature infants was 25.1%. Among the 
five-year-olds studied, 14.1% showed cognitive impairment and 17.4% had 
cerebral palsy. 40.4% manifested abnormalities of speech or language, 33.1% 
had behavioral abnormalities, and 72.5% received therapeutic interventions. 
Infants in whom severe brain damage was diagnosed by ultrasonography 
shortly after birth were more likely to develop cerebral palsy (odds ratio [OR] 
38.28, 99% confidence interval [12.55; 116.80]) and to have impaired cognitive 
development (OR 7.36 [2.52; 21.51]). The likelihood of cognitive impairment 
was also higher among infants whose mothers had a lower level of education 
(OR 3.83 [1.68; 8.77]). 73.1% (242 out of 331) of the two-year-olds were in the 
same category of cognitive function at the 5-year follow-up; 82.4% (65 out of 
79) of the 5-year-olds were in the same category of cognitive function at the 
10-year follow-up. 

Conclusion: Many of these extremely premature infants had developmental 
 disturbances, and many required therapeutic interventions. The risk factors 
 revealed by this study may help identify patients who are in particular need of 
support, enabling targeted measures to be taken at the earliest possible stage 
in order to improve their cognitive and motor abilities. Nationwide, standard-
ized follow-up at the age of 5 years would be desirable. 
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I n Germany, approximately 0.6% of all infants are 
born earlier than 28 weeks’ gestation (1). These 

 extremely premature infants constitute a high-risk 
population, but advances in obstetrics and neonatology 
have significantly improved their survival chances (2, 
3). Today, approximately 80% of these children survive 
(4) compared to the survival rate of 30% in the late 
1970s  (5).

With increasing survival rates, the long-term devel-
opmental outcomes continue to gain in importance. 
Large international studies, such as EPICure (United 
Kingdom [UK] and Ireland) (6), EPIPAGE (France) (7) 
and the study of the Victorian Infant Collaborative 
Study Group (Australia) (8), indicate a high prevalence 
of developmental disorders. According to these studies, 
the proportion of children with cerebral palsy (CP)—a 
disorder of posture and movement caused by damage to 
the developing brain— ranges from 10 to 15%, the 
 proportion of those with cognitive impairment 
 (intelligence quotient [IQ] <70) between 15 and 20%, 
even up to 40% among infants born before 26 weeks‘ 
gestation.

In Germany, prospective long-term studies extend-
ing into school age are rare (9, 10). Nationwide 
 multicenter follow-up data have not become available 
as yet. Based on the model of the follow-up examin-
ations of the Hannover Premature Infant Long-Term 
Study (11), the Lower Saxony Longitudinal Study of 
Prematurity (Niedersächsisches Frühgeborenen-
 Nachuntersuchungsprojekt), a state-wide follow-up 
study of extremely premature infants, was initiated in 
2004. The aim of this study was to provide information 
about survival and about the neurological and cognitive 
long-term outcome. Because of their relevance for 
clinical practice, this study focused on the following 
questions:

●  At what point in time can the further development 
of these premature infants be predicted with 
 acceptable certainty?  

● Which peri- and neonatal risk factors have such a 
significant impact on long-term outcome that the 
affected infants require special monitoring and 
support?
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Methods
Former extremely premature infants born between 
 October 2004 and September 2008 were followed up at 
defined points in time (years 2, 5 and 10). The 5-year 
study data were combined with the relevant peri- and 
neonatal data and the follow-up data at ages 2 and 10 
years. For the cross-sectional evaluation of motor de-
velopment, a comparison sample of healthy term births 
in Lower Saxony kindergartens was analyzed which 
was described in detail elsewhere (12).

SPSS version 21 was used for statistical analysis. 
Apart from comparisons made using the chi-square test 
and Student‘s t-test or Mann–Whitney U test, the im-
pact of relevant predictor variables on the development 
of the children was determined using a multiple logistic 
regression model. The significance level was set at 
p <0.001 and the relationships between independent 
variables and the dependent variable was reported as 
odds ratios (ORs) with a 99% confidence interval (CI). 
The cross-sectional comparison results were reported 
with a 95% CI.

Detailed information about the methodology is 
 provided in the eBox.

Results
During the observation period, 249 076 children were 
born in Lower Saxony (13), 926 of these (0.4%) at <28 
weeks’ gestation. Of these, 232 (25.1%) died while still 
hospitalized in the department of pediatrics and 2 
(0.2%) after discharge before the age of 2 years.  

All infants <23 weeks’ gestation died. Then, the sur-
vival rate continuously increased with gestational age: 
from 44.4% at 23 weeks’ gestation to 91.5 at 27 weeks’ 
gestation. Of the 694 surviving infants, 260 (37.4%) 
were born at 23 to 25 weeks’ gestation. Altogether 437 
children (63.0% of the survivors) were followed up 
after 5 years (Figure). As shown in Table 1, the relevant 
peri- and neonatal parameters of the analyzed group 
were not significantly different from those in the group 
of all survivors.

Development at age 5 years
The subtest results for cognition, speech and behavior 
are summarized in Table 2.

On motor assessment, 194 premature infants 
(45.2%) were normal (Table 2). However, 89.6% of 
the children in the comparison group of term births 

FIGURE

Project participants
*1 Ongoing study: At the time of completion of this paper, the examination age was only reached by 1.5 year groups.
*2 Exclusion due to congenital malformations or syndromes independent of prematurity

Premature infants <28 weeks’ gestation
Lower Saxony
(4 year groups)

n = 926

2-year follow-up 5-year follow-up 10-year follow-up

examined 

n = 437

not
examined
n = 257

examined 

n = 514

not
examined
n = 180

examined 

n =101

not (yet)
examined
n = 593*1

not
evaluable*2

n = 4

evaluable 

n = 510

not
evaluable*2

n = 4

evaluable 

n = 99

not
evaluable*2

n = 2

evaluable for comparison
2–5 years
n = 393

evaluable for comparison
5–10 years

n = 85

Survivors
n = 694

Deaths
n = 232

evaluable 

n = 433
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(cross-sectional comparison) were normal and only 
10.4% showed problems in motor development. There 
was no case with CP (12).

The developmental assessment results were signifi-
cantly different between the two analyzed gestational 
age groups in all categories, except for behavior (Table 
2). 

Therapeutic interventions
Over their life span, 401 children (92.6%) received 
physiotherapy and other allied health services and/or 
early intervention. In 72.5% of these children (n = 314), 
these treatments were provided at age 5. Of those, treat-
ments were newly initiated in 29.8% (n = 129) by the 
assessing health professionals at the 5-year follow-up.

Variables influencing the course of development
The univariate analysis identified the following 
 parameters as highly significant factors (p<0.001) for 
the risk of developing CP:

● severe brain injury (intraventricular hemorrhage 
[IVH] III, periventricular hemorrhage [PVH], 
periventricular leukomalacia [PVL])

●  mechanical ventilation for more than two weeks
● <26 weeks’ gestation.
With regard to cognitive development (IQ <85 ver-

sus IQ ≥ 85), birth weight <750g and lower maternal 
educational attainment were identified as further highly 
significant factors, apart from the three factors men-
tioned before.

The results of multiple logistic regression analysis 
are listed in Table 3. For the risk of developing CP, the 
factor “severe brain injury” (p<0.001) was also highly 
significant in the statistical model with stepwise addi-
tion of independent variables, which explains 50.2% of 
the total variance. In this model, the variable “lower 
maternal educational attainment” was confirmed as an 
important factor for cognitive development, apart from 
the expected high impact of severe brain injury.

Longitudinal comparison
The longitudinal developmental assessment is de-
scribed in Table 4. In the cognition subtest, the results 
for the age between 2 and 5 years were nominally less 
stable compared to the age between 5 and 10 years (un-
changed category in 73.1% (n = 242) versus 82.4% 
(n = 65). Positive category changes occurred signifi-
cantly more frequently in the age between 2 and 5 years 
compared to the age between 5 and 10 years 
(17.8% [14.1; 22.3], [n = 59], versus 8.8% [4.3; 17.0], 
[n = 7]). 

In contrast, with motor development assessment the 
proportion of deteriorations (negative category 
changes) was high with 24.7% (n = 96) in the age be-
tween 2 and 5 years. Among the 10-year-olds, however, 
a positive category change was observed in 22.4% 
(n = 19), i.e. these children were assessed as having 
better motor function. The assessment of behavior was 
very instable. A category change was observed in 
42.6% (n = 29) of the children. The proportion of 

TABLE 1 

Comparison of demographic and clinical parameters

 IVH III, intraventricular hemorrhage grade 3; PVH,periventricular hemorrhage; PVL, periventricular leukomalacia

 

Data at birth

Weeks’ gestation

Birth weight (g)

Sex, male

Multiple births

Spontaneous delivery

pH value <7.1

Neonatal care data

Severe brain injury  
(IVH III/PVH/PVL)

Mechanical ventilation 
> 2 weeks

Sepsis

Patent ductus arteriosus

Surgery for necrotizing enterocolitis

Treated 
children

(n = 926)

25.5 ± 1.3

798 ± 207

55.1%

25.3%

13.9%

4.2%

21.8%

30.1%

39.8%

24.8%

5.5%

Surviving  
children

(n = 694)

25.8 ± 1.2

832 ± 197

52.4%

25.3%

13.1%

3.4%

14.4%

33.9%

39.2%

28.0%

3.8%

Evaluated 
children

(n = 433)

25.7 ± 1.2

831 ± 199

53.3%

24.6%

14.4%

3.3%

15.7%

36.0%

40.1%

28.3%

3.4%

Lost to 
follow-up

(n = 257)

25.9 ± 1.1

837 ± 192

51.0%

26.4%

10.7%

3.6%

12.2%

29.4%

37.3%

26.9%

4.2%

p

0.190

0.451

0.548

0.601

0.184

0.888

0.212

0.076

0.483

0.709

0.622
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children with behavioral problems was 32.3% ([22.4; 
44.2], [n = 22]) at age 5 years and increased to 38.2% 
([27.6; 50.1], [n = 26]) at age 10.

Discussion
These data from a German non-city federal state reveal 
a mortality rate of 25% among extremely premature 
 infants which was constant during the observation 
 period. Mortality rates decreased with increasing ges-
tational age. The results also confirmed the high risk of 
developmental disorders in this group. Disabilities and 
impairments in the areas of cognition, language, beha-
vior, and motor function were very common among the 
5-year-olds.

The proportion of children with cognitive impair-
ment (IQ <70) was very high (14.1%) among the 
 premature infants; this finding was in line with data 
from other studies (3, 8). The expected percentage rate 

in the normal population is 2.3% (Kaufman Assessment 
Battery for Children [K-ABC]) (14). At age 5 years, the 
proportion of children with abnormalities in language 
development was conspicuously high with 40.4%. In 
the control population of term births, 20.2% of children 
had language difficulties (12). Behavioral abnormal-
ities were identified in 33.1% of the 5-year-olds, while 
the expected rate was 15% based on normalized data 
(Child Behavior Checklist [CBCL]/4–18) (15).

With 17.4%, the prevalence of CP was higher in our 
study population than the 11% reported in comparable 
studies (16, 17). One reason for this finding could be 
that parents of premature infants with significant im-
pairments regularly visit Sociopediatric Centers and 
consequently attend to follow-up appointments more 
frequently. Furthermore, it appears that very centralized 
health care systems, such as the one in Sweden, achieve 
exceptionally good outcomes with their health care 

 TABLE 2 

Development at age 5 years

*1 Kaufman Assessment Battery for Children
*2 Language development test for 3– to 5-year-old children
*3 Child Behavior Checklist/4 –18, IQ, intelligence quotient

Subtest 

Cognition 
(Test: K-ABC*1)

normal 
(IQ ≥ 85)

below average cognitive 
performance (IQ 70–84)

cognitively impaired  
(IQ <70)

Language 
(Test: SETK 3–5*2)

normal 
(T value ≥ 40)

abnormal 
(T value <40)

Behavior 
(Parents’ questionnaire: CBCL 4–18*3)

normal range 
(T value ≤ 59) 

borderline range 
(T value 60–63)

clinical range 
(T value ≥ 64)

Motor function 
(Set of criteria see eBox)

normal

abnormal (according to set of criteria)

CP / of these able to walk

Results 
<28 weeks’ gestation total: n = 433

n

384

244

 86

 54

376

224

152

344

230

 50

 64

430

194

161

 75 / 40

%

100.0

 63.5

 22.4

 14.1

100.0

 59.6

 40.4

100.0

 66.9

 14.5

 18.6

100.0

 45.2

 37.4

 17.4 / 53.4

Results 
<26 weeks’ gestation: n = 172

n

153

 81

 40

 32

151

73

78

132

86

17

29

170

55

68

47 / 26

%

100.0

52.9

26.1

20.9

100.0

48.4

51.6

100.0

65.1

12.9

22.0

100.0

32.4

40.0

27.6 / 55.4

Results 26–27 
weeks’ gestation: n = 261

n

231

163

46

22

225

151

74

212

144

33

35

260

139

93

28 / 14

%

100.0

70.6

19.9

9.5

100.0

67.1

32.9

100.0

67.9

15.6

16.5

100.0

53.5

35.7

10.8 / 50.0

p 

 

<0.001

 

<0.001

 

0.406

 

<0.001
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be that at school the children are confronted with higher 
expectations and are supposed to follow more rules 
compared to the time at kindergarten. Consequently, at 
preschool age certain behavioral problems do not occur 
or are not perceived by parents as such. However, 
 assessor-performed evaluations based on observations 
of the children in situations with higher behavioral ex-
pectations already differed considerably from parent-
reported evaluations at the 5-year follow-up, indicating 
potentially more serious problems (12). Thus, Socio-
pediatric Centers should provide relevant information 
to pediatric and family physicians and parents to enable 
early preventative interventions to control behavioral 
problems.

 programs for premature infants (18). The high propor-
tion of children with abnormalities explains why at age 
5 years 72.5% of the preterm-born children required 
treatment. In the comparison sample of term births 
(12), only 15% of the children received treatment at age 
5. This result is in line with data from a study 
 conducted in Berlin (19), showing that at the time of 
primary school enrollment children born as extremely 
small premature infants had special educational needs 
significantly more frequently than term-born children. 

Analyzing the impact of peri- and neonatal as well as 
social factors on the long-term outcome achieved 
among these children, the following risk factors, which 
have previously been described elsewhere (10, 20), 
were also described in the Lower Saxony project: birth 
at <26 weeks’ gestation, severe brain injury and 
 mechanical ventilation for >2 weeks increased the risk 
of developmental disorders significantly. The key risk 
factor for CP, the most severe form of motor disability, 
was severe brain injury (Table 3). With regard to 
 cognitive development, lower maternal educational 
 attainment as a social risk factor (11) also had a signifi-
cant negative impact on cognitive development, 
 besides severe brain injury. Data from fathers were not 
included in the analysis as the rate of single mothers 
was high in the study population. Because in most 
cases mothers spend more time with their children, 
their impact on the children’s upbringing was consid -
ered to be of greater importance than that of the fathers.

Of special interest was the question whether devel-
opmental disorders can be reliably predicted at age 2 
years which could only be addressed by longitudinal 
data analysis. To this end, data from the 10-year follow-
up were used to evaluate the long-term development of 
the children until school age. It was found that between 
ages 2 and 5 years still major changes in the assessment 
of both cognition and motor development were ob -
served (Table 4). However, the results of the evaluation 
of the cognitive development at age 5 years were 
 already largely identical with those at age 10, as evi-
denced by the fact that the evaluation outcome 
 (category change) changed only in 8.8% each, in both 
directions. Taking into account that, besides statistical 
uncertainty, the measurement tool used at age 5 years 
was different from that used at age 10 years, this can be 
considered a low value. In contrast, motor assessment 
revealed significantly better results at age 10 years 
compared to age 5 years. These may be due to natural 
ripening processes of the nervous system and/or can be 
regarded as treatment effects.

The development of behavior is the most difficult to 
predict, at least based on parental assessment data. At 
age 10 years, 38.2% of the children were assessed as 
having behavioral problems, more than at age 5 years. 
Interestingly, the severity of the behavioral problems at 
age 5 was independent of the gestational age (Table 2). 
The high rate (23.5%) of negative behavior category 
changes indicates that many parents regard the beha-
vior of preterm-born children at age 5 years more posi-
tive compared to age 10 years. One explantation could 

TABLE 3 

Results of multiple logistic regression analysis

 *IQ <85 versus IQ ≥ 85 
IQ,intelligence quotient; IVH III, grade 3 intraventricular hemorrhage; 99% CI, 99% confidence interval; OR, 
odds ratio; PVH, periventricular hemorrhage; PVL, periventricular leukomalacia

Variable

Factors influencing cognitive development*

Severe brain injury (IVH III/PVH/PVL)

Lower maternal educational attainment

Birth weight  <750g

Mechanical ventilation >2 weeks

Surgery for necrotizing enterocolitis

Sex, male

Sepsis

<26 weeks’ gestation

Multiple births

Patent ductus arteriosus

Spontaneous delivery

Migration background, at least 1 parent

Factors influencing the development of cerebral palsy

Severe brain injury (IVH III/PVH/PVL)

Mechanical ventilation >2 weeks

Sex, male

<26 weeks’ gestation

Birth weight <750 g

Sepsis

Surgery for necrotizing enterocolitis

Lower maternal educational attainment

Multiple births

Migration background, at least 1 parent

Spontaneous delivery

Patent ductus arteriosus

OR

 7.36

 3.83

 2.50

 1.96

 1.58

 1.43

 1.27

 1.19

 1.14

 1.06

 0.83

 0.65

38.28

 2.74

 1.81

 1.67

 1.37

 1.22

 1.17

 1.14

 0.93

 0.68

 0.67

 0.31

(99% CI)

[2.52; 21.51]

[1.68; 8.77]

[1.11; 5.63]

[0.91; 4.24]

[0.22; 11.23]

[0.70; 2.91]

[0.61; 2.63]

[0.52; 2.72]

[0.50; 2.59]

[0.49; 2.29]

[0.28; 2.47]

[0.30; 1.44]

[12.55; 116.80]

[0.89; 8.41]

[0.63; 5.20]

[0.48; 5.74]

[0.41; 4.60]

[0.43; 3.48]

[0.11; 12.78]

[0.40; 3.22]

[0.27; 3.17]

[0.20; 2.27]

[0.15; 3.01]

[0.09; 1.14]

p

0.000

0.000

0.004

0.024

0.546

0.197

0.396

0.587

0.679

0.853

0.653

0.164

0.000

0.021

0.146

0.287

0.505

0.624

0.867

0.754

0.877

0.404

0.487

0.021
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TABLE 4 

Longitudinal assessment of development

*1 Mental Development Index (MDI) of Bayley Scales of Infant Development II (Bayley II)
*2 Intelligence quotient (IQ) of the Kaufman Assessment Battery for Children (K-ABC) or Wechsler Intelligence Scales for Children IV (WISC IV)
*3 abnormal according to set of criteria (see eBox)
*4 Developmental Coordination Disorder (DCD) or abnormal DCD screening or abnormal according to set of criteria (see eBox)
*5 T value according to standardization Child Behavior Checklist 4–18 (CBCL/4–18) ≤ 59
*6 T value according to standardization Child Behavior Checklist 4–18 (CBCL/4–18) 60–63
*7 T value according to standardization Child Behavior Checklist 4–18 (CBCL/4–18) ≥ 64

Comparison at age 2 and 5 years (n = 393)

Cognition (n = 331)

Motor function 
(n = 389)

Comparison at age 5 and 10 years (n = 85)

Cognition (n = 79)

Motor function 
(n = 85)

Behavior (n = 68) 

MDI*1/IQ*2 ≥ 85

MDI*1/IQ*2 70–84

MDI*1/IQ*2 <70

MDI*1/IQ*2 70–84 → ≥ 85

MDI*1/IQ*2 <70 → 70–84

MDI*1/IQ*2 ≥ 85 → 70–84

MDI*1/IQ*2 70–84 → <70

normal

abnormal*3

Cerebral palsy (CP)

abnormal*3→ normal

CP → abnormal*3

normal → abnormal*3

abnormal*3→ CP

IQ*2 ≥ 85

IQ*2 70–84

IQ*2 <70

IQ*2 70–84 →  ≥ 85

IQ*2 <70 →  70–84

IQ*2 ≥ 85 →  70–84

IQ*2 70–84 →  <70

normal

DCD*4

CP

DCD*4 →  normal

CP →  DCD*4

normal → DCD*4

DCD*4 → CP

normal range*5

borderline range*6

clinical range*7

clinical range*7→ normal range*5

borderline range*6→ normal range*5

clinical range*7→ borderline range*6

normal range*5→  borderline range*6

borderline range*6→ clinical range*7

normal range*5→ clinical range*7

n

168

 36

 38

 40

 19

 27

  3

154

 57

 53

 22

  7

 85

 11

 45

 11

  9

  5

  2

  5

  2

 28

 16

 18

 19

  0

  2

  2

 32

  1

  6

  3

  7

  3

  7

  2

  7

%

50.8

10.9

11.4

12.1

 5.7

 8.2

 0.9

39.6

14.7

13.6

 5.6

 1.8

21.9

 2.8

57.1

13.9

11.4

 2.5

 6.3

 6.3

 2.5

32.9

18.8

21.1

22.4

0

 2.4

 2.4

47.1

 1.5

 8.8

 4.4

10.3

 4.4

10.3

 2.9

10.3

unchanged  
category

positive  
category change

negative  
category change

unchanged 
category

positive 
category change

negative 
category change

unchanged 
category

positive 
category change

negative 
category change

unchanged 
category

positive  
category change

negative 
category change

unchanged 
 category

positive 
category change

negative  
category change

%

73.1

17.8

 9.1

67.9

 7.4

24.7

82.4

 8.8

 8.8

72.8

22.4

 4.8

57.4

19.1

23.5

876 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2016; 113: 871–8



M E D I C I N E

Limitations
The critical limitation to this study is the high rate of 
children lost to follow-up in this patient population. 
The follow-up examination rate decreased with increas-
ing patient age. At age 5, 63.0% of the survivors could 
be examined at follow-up, while at age 10 it were only 
38.8% of the first one and a half year groups. In addi-
tion, the number of examined 10-year-olds is even 
smaller as the examination of two and a half year 
groups had not yet been completed at the time of publi-
cation. One reason for the increasing drop-out rate is 
the increasing mobility of the population (21) with 
many children lost to follow-up due to their parents 
moving out of the territory of the state of Lower 
 Saxony. Apart from that, the interest in medical 
 examinations decreases with increasing age, as known 
from the attendance rates in pediatric and adolescent 
screening programs (22, 23). 

When the examination of all potential participants 
cannot be achieved, it is necessary to try to identify 
 potentially underlying systematic causes. However, the 
comparison of the 5-year-olds included in the analysis 
with the total study population of survivors did not 
 indicate the presence of a selection factor with regard to 
the relevant medical and biological risk factors 
(Table 1). 

There still is the possibility of differences in socio -
demographic or cultural status between the examined 
and non-examined children which cannot be excluded. 
In addition, the as yet low number of 10-year-olds in-
creases the risk of selection bias. It seems possible that 
children with severe motor impairment have partici-
pated slightly more frequently due to their regular treat-
ment needs at a Sociopediatric Center compared to 
children of parents with no consultation needs. 

Another limitation is related to the way the motor 
status of the children was assessed: In the 10-year-olds, 
a standardized method, the Movement Assessment 
 Battery for Children-2 (M-ABC-2) (24), was used, 
while among the 2-to-5-year-olds the assessment was 
carried out by experienced developmental neurologists 
using a defined set of criteria. The project was not 
 conducted under study conditions, but embedded in a 
multicenter routine examination setting in the Socio-
pediatric Centers. 

Strengths
In this study, disability and impairment prevalence data 
of several year groups obtained at several follow-up 
time points in an entire German federal state (Lower 
Saxony) are presented. With this, state-wide in-
formation about the development of German premature 
infants until age 10 years has become available for the 
first time. Since the study population comprised not 
only children treated in level-1 centers, but also those 
receiving care in hospitals of a lower level of care, this 
analysis provides a more real-world view compared to 
studies undertaken in distinct highly qualified centers. 
It provides physicians involved in the follow-up care of 
these children with important information about prema-

ture infants at particularly high risk and helps them to 
identify children with a greater need for treatment and 
support. By combining the study data with peri- and 
neonatal data, it is possible to derive information about 
the quality of care which is used in the project “Bench-
marking in preterm infant care“ (25), a project initiated 
in the State of Lower Saxony in 2012 to advance 
quality development in neonatology. 

Conclusion
The results of this state-wide, multicenter follow-up 
study in the German State of Lower Saxony confirmed 
the known high risk of developmental disorders in ex-
tremely premature infants <28 weeks’ gestation. Dis-
abilities such as cerebral palsy or mental retardation, 
but also speech developmental disorders, motor deficits 
and behavioral problems are common. Consequently, 
almost three quarters of the children are still receiving 
treatment and support measures at age 5. 

The presented data help in clinical practice to 
 already identify children with an unfavorable develop-
mental prognosis (<26 weeks’ gestation, severe brain 
injury, mechanical ventilation for >2 weeks, lower 
 maternal educational attainment) when taking the 
medical history and to address their special develop-
mental diagnostic and treatment needs, particularly in 
patients with risk factor combinations.

At age 2 years, even experienced specialists can only 
predict the long-term motor and cognitive development 
with limited accuracy. From age 2 to age 5 years, the 
analysis of longitudinal data shows significant shifts. 
Thus, it may be asked whether the age of two years set 
by the Federal Joint Committee (G-BA) as the time to 
measure the outcome quality of neonatal care is in fact 
appropriate (26).

KEY MESSAGES

● At the age of 5 years, 64% of the extremely premature infants have an at least 
average cognitive development; 60% show no language abnormalities and 
45% no  motor disorders.

● Disabilities (cerebral palsy in 17%; cognitive impairment in 14%) and develop-
mental disorders are common among former extremely immature premature 
infants and require treatment in 73% of cases.

● Key variables affecting the long-term outcome include severe brain injury (gra-
de 3 intraventricular hemor rhage, periventricular hemorrhage, periventricular 
 leukomalacia), prematurity <26 weeks’ gestation, and lower maternal educatio-
nal attainment. 

● In more than 25% of cases, predictions made at the age of 2 years regarding 
the children’s future mental and motor development turn out to be inaccurate.

● Preliminary data from the 10-year follow-up indicate a high prevalence of be-
havioral disorders. This problem should be addressed early.
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eBOX

Supplementary information about methodology 
All Departments of Neonatology providing care for extremely premature infants in the German federal state of Lower Saxony have been participating 
in the project presented here. During the discharge discussion, all parents of children who have been born prematurely at <28 weeks’ gestation in 
 Lower Saxony since October 2004 have been asked to visit any of the 11 regional Sociopediatric Centers for follow-up examinations. After obtaining 
the parents’ informed consent, which was prepared in consultation with the Federal Data Protection Commissioner, extremely premature infants born 
between October 2004 and September 2008 were followed up at years 2 after the calculated due date (consistent with the decision of the Federal 
Joint Committee [Gemeinsamer Bundesausschuss, G-BA], [26]) and at age 5 years (prior to start of schooling) and 10 years, based on a 
 standardized concept. For the 10-year follow-up, no complete year groups could be included in the analysis because at the time of submission of the 
article only children of the first one and a half year groups had turned 10 years old.  

At all 3 follow-up time points, the children were medically examined and sociodemographic and medical history data were obtained. For the 
 2-year-olds, the Mental Scale of the Bayley Scales of Infant Development II (Bayley II) (e1) was used. The 5-year-olds were examined by psychol -
ogists using a standardized intelligence test—the Kaufman Assessment Battery for Children (K-ABC) (14)—and two subtests (“understanding of 
 sentences“ and “morphologic rule formation“) from a language test, the language development test for 3– to 5-year-olds (Sprachentwicklungstest, 
SETK 3–5) (e2). For the 10-year-olds, the Wechsler Intelligence Scales for Children – fourth edition (WISC IV) (e3) was used. Children with an 
 intelligence quotient (IQ) or Mental Development Index (MDI) ≥ 85 were categorized as normal, children with a score between 70 and 84 as below 
average and children with a score <70 as cognitively impaired. Children achieving a T value <40 in at least one subtest were regarded as having an 
abnormal language development. Behavioral data were obtained from the parents of both the 5– and 10-year-olds who completed the German 
 version of the Child Behavior Checklist 4–18 (CBCL 4–18) (15). Behavior was evaluated as falling into the borderline range at total T values between 
60 to 63; at T values >63, it was considered in the clinical range. The motor development of 5-year-olds was tested using a defined set of criteria 
which included motor skills such standing on one leg and hopping on one leg, tandem walking, ball catching, and climbing stairs. Children who did not 
achieve age-appropriate results for the tested criteria were considered as having abnormal motor function. At the 10-year follow-up, all children not 
 diagnosed with cerebral palsy (CP) underwent a standardized motor function test, the Movement Assessment Battery for Children-2 (M-ABC-2) (e4) 
and a screening test, the Developmental Coordination Disorder Questionnaire—German (DCDQ-G) (e5). CP was diagnosed and classified according 
to the terminology of the Surveillance of Cerebral Palsy in Europe (e6). The assessment of educational attainment was based on the academic and 
professional training completed and the current profession of the mother. The classification into a high (≥ entrance qualification for a university of 
 applied sciences) and lower level of education was based on the International Standard Classification of Education (ISCED) (e7).

Project management and analysis was performed at the Center for Quality and Management in Healthcare (ZQ), Medical Association of Lower 
 Saxony. 

● Data sources
For the analyses, the study data were combined with the relevant peri- and neonatal data. Four children were excluded from the analyses due to 
 congenital malformations or syndromes with developmental disorders independent of prematurity. During longitudinal analysis, the developmental da-
ta obtained at age 5 years were compared with those collected at ages 2 and 10 years for each of the study participants. For cross-sectional 
 evaluation of motor development, a comparison sample of term births from Lower Saxony kindergartens was analyzed. For this purpose, stratification 
specifications were prepared for the comparison sample based on the demographic distribution of the premature infant sample, using a matching pro-
cedure.  The selection of the control group (n = 305) was based on the following five demographic criteria: region, residential area, gender, parental 
educational background and migration background (12).

● Statistical analyses
SPSS version 21 was used for statistical analysis. Apart from comparisons made using the chi-square test (for binary variables) or Student‘s t-test 
and Mann–Whitney U test (for normally and not normally distributed continuous variables, respectively), the impact of relevant predictor variables on 
the development of the children was determined using a multiple logistic regression model. Table 3 shows the results obtained using the method with 
parallel inclusion of the independent variables. The variables with the strongest correlation were then entered using step-wise forward selection, with 
the Wald test as the selection criterion. The regression model’s quality of fit was evaluated using the Hosmer-Lemeshow test; Nagelkerkes R2 is 
 reported as measure of explained variance. The significance level was set at p <0.001 and the relationships between variables and the dependent 
variable was reported as odds ratios (ORs) with a 99% confidence interval (CI).


