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Abstract 

Background: Corrected age is typically applied when assessing the development of children born <32 

weeks gestation. There is no consensus as to whether corrected age should be applied when assessing 

children born late/moderately preterm (LMPT; 32-36 weeks gestation).  

Aims: This study explored the impact of corrected age on developmental test scores in infants born 

LMPT. 

Study design: 221 LMPT infants were assessed at two years corrected age using the Bayley-III Cognitive 

and Language scales, from which Cognitive and Language composite scores were derived (Normative 

Mean 100; SD 15). Assessments were then re-scored using chronological age. Bayley-III composite 

scores <80 were used to define developmental delay. Paired samples t-tests were used to assess the 

difference in mean test scores derived using corrected versus chronological age, and McNemar’s tests to 

assess the difference in the proportion of infants with developmental delay using corrected versus 

chronological age. 

Results: Mean corrected age scores were significantly higher than chronological age scores (Cognitive: 

2.1 points; 95% CI 1.6, 2.5;  Language 2.5; 95% CI 2.1, 2.8).  Overall, significantly more LMPT infants 

were classified with developmental delay when chronological (18.3%) versus corrected (15.0%) age 

(p=0.016). 

Conclusions: Correcting for prematurity results in significantly higher developmental test scores and a 

significantly lower prevalence of developmental delay in LMPT infants and may affect eligibility for 

intervention services. Researchers and clinicians should be aware that the use of corrected age may 

impact on developmental test scores at both an individual and population level among infants born 

LMPT.  

 

Keywords: developmental assessment; preterm; developmental delay; corrected age; neurodevelopmental 

outcomes. 
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Late and moderately preterm births (LMPT; 32-36 weeks gestation) constitute up to 84% of all preterm 

births.[1] Children born at these gestations are at higher risk for developmental delay, cognitive deficits, 

attention problems and special educational needs than their term-born peers.[2-5] These problems are 

evident in infancy and recent population-based studies have shown that children born LMPT are at twice 

the risk for neurodevelopmental disability compared with term-born controls at two years of age.[6]  

Developmental assessments in the early years are regarded as important for identifying children at risk 

and for targeting early intervention.[7, 8] As such, developmental tests at two years are widely used to 

assess neurodevelopmental outcomes and to ascertain eligibility for intervention services.[9] [10]  For 

assessing the development of infants born very (< 32 weeks) and extremely (< 28 weeks) preterm, it is 

common practice to correct for gestation at birth up to two years of age. However, there is uncertainty as 

to whether to use corrected age when assessing children born LMPT. Mounting evidence regarding the 

increased risk for impairments across multiple developmental domains leads one to question whether 

corrected age should be applied when assessing these infants. This is an important practical consideration 

as the application of corrected age may affect group mean scores on standardized developmental tests, the 

identification of children with developmental delay and subsequent eligibility for early intervention 

services. Moreover, it has been shown to impact on the statistical significance of study results in which 

developmental outcomes are compared between LMPT infants and term-born controls.[11]  

There is a lack of studies that have assessed how corrected age affects test scores and the identification of 

developmental delay in children born LMPT. The Bayley Scales of Infant and Toddler Development 3rd 

Edition (Bayley-III)[12] is one of the most recently standardized developmental tests and is widely used 

in clinical practice and in perinatal and pediatric research. There is broad global consensus that 

developmental outcomes should be measured at 18-24 months of age, at which point standardized tests 

have greater reliability than earlier measures for  identifying adverse developmental outcomes.[13, 14] 

The aim of this study was to determine the effect of correcting for prematurity on Bayley-III 
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developmental test scores and the identification of developmental delay in infants born LMPT at two 

years of age.  

 

METHOD 

Participants 

Participants for this study were drawn from the Late and Moderately Preterm Birth Study (LAMBS), a 

prospective geographical population-based study of outcomes following LMPT birth. The study was 

conducted in the East Midlands region of the United Kingdom and recruited 1113 infants born at 32+0 to 

36+6 weeks of gestation from 1st September 2009 to 31st December 2010. This cohort was followed up at 

two years of age using parent questionnaires. At this time a sub-sample of 253 infants was recruited to 

LAMBS-II, a sub-study in which infants’ cognitive and language development was formally assessed by 

a study psychologist with the aim of validating a parent questionnaire assessing the same developmental 

domains. Parents of children in the full LAMBS cohort were contacted via email or telephone and invited 

to participate in LAMBS-II. A home visit was arranged for those who expressed interest and written 

parental consent was obtained at the start of the visit, prior to data collection. A feedback letter 

summarizing their child’s test results was sent to parents after the assessment. LAMBS and LAMBS-II 

were approved by the Derbyshire National Health Service Research Ethics Committee (Ref: 

09/H0401/25). This report comprises secondary analysis of LAMBS-II data. 

 

Measures 

Infant development was assessed using the Bayley Scales of Infant and Toddler Development, 3rd Edition 

(Bayley-III).[12] This is a standardized, norm referenced test of development consisting of separate scales 

to assess cognitive, language and motor development. Each scale comprises a series of developmental 

play activities and the child’s performance is scored based on the total number of items completed 

appropriately. This raw score is then compared with age standardized normative reference data derived 
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from the standardization sample in order to obtain a scaled score (Mean 10; SD 3) and a composite score 

(Mean 100; SD 15) for each scale.  

For this study, the Bayley-III cognitive and language scales were administered in a single session by one 

of two study psychologists (AG; SB) who were formally trained in test administration and scoring prior to 

commencing the study. Throughout the study, 10% of Bayley-III assessments were scored independently 

by both examiners to assess inter-rater reliability; this was shown to be excellent with 97% agreement 

across test items on all assessments. All Bayley-III assessments were administered and scored using the 

child’s corrected age (to 40 weeks gestation).  Subsequently, the assessments were re-scored using the 

start point and norm reference table appropriate for the child’s chronological age.   

A Bayley-III composite cognitive or language score more than 2 SD below the standardized mean of 100 

(i.e., score < 70) has conventionally been used to define moderate to severe developmental delay. 

However, a number of studies have shown that the Bayley-III produces higher scores than corresponding 

Mental Development Index (MDI) scores obtained using the 2nd Edition of the Bayley Scales of Infant 

Development (BSID-II)[15] and that the conventional cut-off of scores <70 underestimates 

developmental delay relative to the BSID-II.[16-21] Given growing concern regarding constitution of the 

Bayley-III standardization sample and the underestimation of developmental delay, a cut-off score of 80 

is recommended for defining moderate to severe developmental delay when using Bayley-III composite 

scores.[21] We therefore defined developmental delay for this study as follows: Bayley-III cognitive 

composite score <80 as cognitive delay; Bayley-III language composite score <80 as language delay; and 

a cognitive or language composite score <80 as any developmental delay.    

 

Statistical analyses 

Data were analysed using SPSS software (Version 22 IBM Corporation). Paired sample t-tests were used 

to assess the difference in mean Bayley-III cognitive and language composite scores derived using 

corrected versus chronological age. A change score was computed by subtracting the child’s 
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chronological age composite score from that derived using corrected age for each scale. The number of 

infants with developmental delay was cross tabulated and McNemar’s tests for paired data were used to 

assess the difference in the proportion of children with developmental delay classified using corrected 

versus chronological age. Subgroup analyses using paired sample t-tests were also conducted to explore 

the difference in mean cognitive and language composite scores by corrected versus chronological age 

where re-scoring of the test resulted in the application of a different start point or norms table. 

 

RESULTS 

Study sample 

Recruitment and sampling are described in Figure 1. Of the 1113 LMPT children in the LAMBS cohort, 

the parents of 394 were contacted in succession and invited to participate in LAMBS-II, of which 253 

were recruited. Of the remaining 141 children not recruited, the parents of 49 (35%) declined to 

participate and for 92 (65%) children assessments could not be scheduled within the study period. An 

analysis of non-responders previously reported[22] showed that there were no significant differences 

between the sample recruited to LAMBS-II (n=253) and the rest of the LMPT cohort (n=860) in terms of 

sex (p=0.63), gestational age (p=0.81) and birth weight (p=0.67); however, the 253 infants recruited to 

LAMBS-II were less likely to be multiple births (p <0.001) and had a lower level of socio-economic 

deprivation (p <0.001) compared with the rest of the LMPT birth cohort.  

Of the 253 children recruited to LAMBS-II, 12 (5%) were not tested as only 1 child from each multiple 

birth was assessed for this study. Completed Bayley-III cognitive or language assessments were not 

available for an additional 20 (7.9%) children; of these 3 (1.2%) had severe developmental delay and 17 

(6.7%) did not complete the assessment due to performance issues (i.e., lack of attention, tiredness or 

unwillingness to cooperate with the examiner). The final sample for the present report thus comprised 221 

LMPT children for whom full Bayley-III cognitive or language assessments were available and could be 

re-scored using chronological age (Figure 1). Of these 221 children, 213 completed both the Bayley-III 
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cognitive and language scales, 7 completed only the cognitive scale and 1 only the language scale. Thus 

220 (213+7) Bayley-III cognitive assessments and 214 (213 +1) Bayley-III language assessments were 

analysed. 

<<Figure 1>> 

Characteristics of the final sample of 221 LMPT children are as follows. The mean gestational age was 35 

weeks 3 days (SD 8 days; range 32 weeks 1 day to 36 weeks 6 days), mean birthweight 2465g (SD 530g; 

range 1150g to 4960g) and 113 (51%) children were male. Their mean corrected age at the time of the 

Bayley-III assessment was 25 months 12 days (range 24 months 0 days to 27 months 24 days) and mean 

chronological age 26 months 13 days (range 24 months 28 days to 29 months 15 days).  

 

Effect of corrected versus chronological age on Bayley-III scores  

Descriptive statistics for Bayley-III scores are shown in Table 1. Mean cognitive and language composite 

scores were within the average range for both corrected and chronological age for these LMPT children 

(cognitive 96.4 and 94.3; language 99.8 and 97.3, respectively). Overall, mean composite scores for 

corrected age were significantly higher than scores for chronological age, with a mean difference of 2.1 

(95% CI 1.6 to 2.5) points on the cognitive scale and 2.5 points (95% CI 2.1 to 2.8) on the language scale 

(Table 1). Contrary to expectations, some children had lower standardized test scores for corrected age 

than chronological age, with the difference in test scores derived using corrected and chronological age 

ranging from -10 to +10 on the cognitive scale and -3 to +9 on language scale.  

<TABLE 1> 

 

Effect of corrected versus chronological age on the prevalence of developmental delay 

Overall, the use of corrected age resulted in a significantly lower prevalence of children being classified 

with cognitive delay as well as any developmental delay (Table 1). Thirty two (15.0%) children were 

classified with any developmental delay when scored using corrected age, compared with 39 (18.3%) 
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when scored using chronological age (Table 1). In the cognitive domain, 13 (5.9%) had delay when 

assessed using corrected age compared with 20 (9.1%) using chronological age. Although the prevalence 

of language delay was lower using corrected versus chronological age (13.1% vs. 15.4%), the difference 

was not statistically significant (Table 1).  

 

Effect of different norms tables and start points 

Age standardized scores are derived from raw scores using age-specific norms tables. For 15 children, re-

scoring the test using chronological age required the application of the same norms table as used for the 

corrected age and there was no change in test scores on both the cognitive and language scales for these 

children. However, for children where a different norms table was required to derive chronological age to 

that required for corrected age, scores ranged from 10 points lower to 10 points higher for the cognitive 

scale and from 3 points lower to 9 points higher for the language scale (Table 2).  

We also explored the effect on standardized test scores when chronological versus corrected age resulted 

in the application of a different start point for administering and scoring the test. Overall, corrected age 

scores were significantly higher than chronological age scores for both the cognitive and language scales, 

regardless of whether the same or different start point was used (Table 2). However, in some cases, and 

contrary to expectations, applying corrected age resulted in lower test scores (i.e., a negative change 

score) than using chronological age. It was observed that this occurred in cases in which a different 

(lower) start point was required for corrected age assessments, which resulted in scores up to 10 points 

and 3 points lower on the cognitive and language scales respectively (Table 2). See Appendix A for a 

description of how the application of corrected age can result in lower standardized scores. 

<TABLE 2> 
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DISCUSSION 

There is growing concern regarding an excess of neurodevelopmental sequelae in infants born at 32-36 

weeks of gestation compared with their term-born peers. Long-term follow up is increasingly 

recommended for this large group of infants[23], but there is no consensus over whether corrected age 

should be applied when assessing children born LMPT. We have shown that the use of corrected age 

when administering and scoring Bayley-III assessments at two years of age results in significantly higher 

test scores compared to using chronological age in this population. The application of corrected age also 

results in a significantly smaller proportion of LMPT born children being identified as developmentally 

delayed at two years of age.   

Our results are consistent with those of previous studies conducted by Romeo and colleagues, in which 

they assessed 62 infants born late preterm (33-36 weeks gestation) using the BSID-II MDI. The authors 

reported that the mean MDI score at 18 months corrected age was 96.2 (SD 9.9) whilst the mean MDI 

calculated using chronological age was significantly lower at 87.2 (SD 9.8).[24] Among this sample there 

was only one child (1.6%) with an MDI score <85 using corrected age, whilst 31 (50%) children had MDI 

scores <85 using chronological age.[11, 24]  In our larger study using the newer Bayley-III, the difference 

in test scores derived using corrected versus chronological age was smaller in magnitude (2.1 to 2.5 

points). We also identified a higher proportion of children with developmental delay from scores 

calculated using corrected age (15%) and a smaller proportion of children (18.3%) from scores calculated 

using chronological age compared with that of Romeo and colleagues. The differences between the 

results of the two studies may be explained by assessment at different ages (18 months vs. 24 months) and 

by differences in the structure of the two tests, particularly as the revised Bayley-III comprises reversal 

and discontinue rules to determine which test items are administered to individual children, in contrast to 

the more rigid ‘item sets’ used in the BSID-II. In addition, the Bayley-III comprises separate scales for 

cognitive and language development whilst the BSID-II comprised a single MDI score for assessing 

development across these domains. Furthermore, there are mounting reports that the Bayley-III 
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underestimates developmental delay relative to the BSID-II[25-27] which may explain the larger 

proportion of children identified with developmental delay by Romeo et al. Mean Bayley-III scores for 

our sample were close to the normative test mean (100) which may be surprising given that there is 

growing evidence of an increased risk for developmental delay, cognitive impairments and language 

difficulties among infants born LMPT.[6] This again may be accounted for by the well-documented 

inflation in test scores using the Bayley-III relative to the BSID-II.[18, 26, 27] Using a theoretical model 

to explore the effects of corrected age on standardized test scores, Wilson-Ching and colleagues recently 

demonstrated that Bayley-III test scores calculated using corrected and chronological age can differ where 

children are born one to two months preterm, thus supporting our findings relating to the Bayley-III.[28]  

The application of corrected age leads to a developmental advantage in test scores, effectively making the 

test easier than when chronological age is used. This was borne out in the present study in which 

corrected age scores were significantly higher than those derived using chronological age. This was 

particularly the case for children who were close to the age boundaries for deriving normative scores and 

where application of corrected age resulted in the use of a different norms table. Indeed, the use of age-

banded normative scores on Bayley-III test results has recently been shown to affect rates of delay and 

may result in misclassifications of developmental abilities depending on the child’s age relative to age-

banded cut-offs.[29]  Contrary to expectations, we also found that the application of corrected age did not 

always result in a higher cognitive or language score, and in many cases lower scores were obtained 

(cognitive: n=16 (7.2%); language: n=1 (0.5%)). This is a result of the structure of the test in which a 

drop in scores using corrected age may arise when a different (lower) start point is used. Although the 

proportion of children with developmental delay generally decreased when using corrected age, for some 

children the application of corrected age resulted in a disadvantage in test scores. Thus, for some, the 

application of corrected age results in a greater likelihood of being classified with developmental delay.  

These results highlight important considerations for examiners using the Bayley-III. Decisions about 

whether to apply corrected age can affect an individuals’ test score and thus their eligibility for 



11 
 

intervention services. Although the mean difference in test scores is small, on a population level this has a 

significant effect as the application of corrected age increases group mean scores by two to three points. 

This can affect the statistical significance of between group differences in cohort studies, particularly in 

the LMPT population in which differences from term-born controls are around this magnitude. Indeed, in 

some studies in which corrected age has been applied to assess long term outcomes for late preterm 

infants the authors have reported no significant differences from term-born controls.[11, 30] It is therefore 

important to consider the use of corrected age when planning studies and in interpreting test results.  

The strengths of this study include the large sample of 221 children in comparison to previous studies in 

this area, and the representativeness of the sample compared with the whole LMPT population in terms of 

sex, gestational age and birthweight. However, three children who could not complete the test due to 

severe developmental delays were excluded and children recruited to the study were from less socio-

economically deprived families, both of which are factors which may affect sample representation in 

terms of underestimation of the prevalence of developmental delays. We used the Bayley-III which is one 

of the most recently standardized and widely used developmental tests, particularly in preterm and 

clinical populations, and thus these results will have ecological validity for examiners using this measure 

in clinical practice. Furthermore, there was excellent inter-rater reliability of Bayley-III assessments 

performed in this study. A potential limitation of the study is that assessments were re-scored using 

chronological age rather than re-administered. However, this is appropriate as fewer items need to be 

administered for chronological age assessments and re-scoring is possible without further administration, 

allowing direct comparison. Moreover, re-administering the test would not provide a direct comparison as 

different test conditions and practice effects may impact on children’s performance. At present there are 

no long term follow-up data available for this cohort and thus we are unable to assess the relative 

predictive accuracy of corrected versus chronological age Bayley-III scores for later childhood outcomes. 

This should be the focus of future studies in this area.  Future research should also focus on the difference 
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in test scores obtained using corrected vs chronological age in other clinical populations at risk for poor 

neurodevelopmental outcomes.  

In conclusion, correcting for prematurity when assessing infants born at 32-36 weeks of gestation leads to 

small but significantly higher mean developmental test scores and a lower prevalence of developmental 

delay compared to using chronological age. This may affect eligibility for intervention services, even 

among infants born LMPT. Examiners should be aware of the impact of using corrected versus 

chronological age on developmental test scores at both an individual and population level when planning 

clinical evaluations and research studies.  
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Figure legend 

 

Figure 1. Participant recruitment and follow-up for the LAMBS-II Study.



18 
 

Table 1: Bayley-III test scores and prevalence of developmental delay derived using corrected and chronological age. 

 Corrected age 

Mean (SD) 

Chronological age 

Mean (SD) 

Change in 

score 

Mean  

(95% CI) 

P 

Mean Cognitive composite score* 96.4 (11.3) 94.3 (11.2) 2.1 (1.6 to 2.5) <0.001 

Mean Language composite scores** 99.8 (17.0) 97.3 (16.1) 2.5 (2.1 to 2.8) <0.001 

 N (%) N (%)   

Cognitive delay (cognitive score <80)* 13 (5.9%) 20 (9.1%) - 0.016 

Language delay (language score <80)** 28 (13.1%) 33 (15.4%) - 0.063 

Any delay (cognitive or language <80)◊ 32 (15.0%) 39 (18.3%) - 0.016 
*N=220 for this analysis; ** N=214 for this analysis; ◊ N= 213 for this analysis.  
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Table 2: The effect of different norms tables and start points on Bayley-III test scores in children born LMPT. 

Domain  N Corrected age 

Mean (SD) 

Chronological age 

Mean (SD) 

Change Score 

Mean (95% CI)        Range 

P 

Effect of change in norms table1 

Cognitive Same norms table  15 98.7 (12.6) 98.7 (12.6) 0 0 - 

Different norms table  205 96.2 (11.2) 

 

94.0 (11.0) 2.2 (1.8 to 2.7) -10 to +10 <0.001 

Language Same norms table 15 106.9 (17.2) 106.9 (17.2) 0 0 - 

Different norms table 199 99.2 (16.9) 96.6 (15.8) 2.6 (2.3 to 3) -3 to +9 <0.001 

Effect of change in start point2 

Cognitive Same start point  101 98.3 (11.4) 95.3 (10.9) 3.0 (2.5 to 3.5) 0 to +5 <0.001 

Different start point  119 94.8 (11.1) 93.5 (11.4) 1.3 (0.6 to 2) -10 to +10 <0.001 

Language Same start point  96 101.3 (15.8) 99.2 (15.5) 2.0 (1.6 to 2.5) 0 to +8 <0.001 

Different start point  118 98.6 (17.8) 95.8 (16.5) 2.8 (2.3 to 3.3) -3 to 9 <0.001 
1Re-scoring of the test using chronological age may result in the use of a different norms table to that used for corrected age. 2Applying corrected age may result 

in the use of a different start point for administering and scoring the test to that used for corrected age.
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Appendix 1: The effect of start point on Bayley-III scores 

The start point for a Bayley III-assessment is determined by the age of the child at the time of testing. 

Start points correspond with letters of the alphabet from A-Q. If the child gets the first three items in the 

age-appropriate start point correct, then the examiner proceeds administering the items in a forward 

sequence and the child is automatically credited (i.e., scored 1) for all the items prior to that start point, 

even though the preceding items have not been administered. However, if the child fails any of the first 

three items, the examiner applies the reversal rule and goes back to the preceding start point to administer 

the items from there.  

We noted that assessments scored using chronological age resulted in higher test scores for some children. 

For example, assessment at around two years corrected age may be administered using start point M, and 

using start point N for their corresponding chronological age. If the child starting at N (chronological age) 

gets the first three items correct, s/he is automatically credited for all the items preceding N and these 

would be scored 1 when calculating the raw score. However, if the child failed any items prior to start 

point N, these would be counted as zeros when calculating the raw score from start point M (corrected 

age), resulting in a lower score for corrected than chronological age. Using the procedure to derive 

composite score equivalents, a 5-point difference in raw scores can result in a 10-point difference in 

composite scores. This is shown in Table A1 in which the following scores are derived from the same 

assessment: 

A) Assessed at corrected age = 25 months 6 days; start point = M; raw score = 55; scaled score = 6; 

composite score = 80. 

B) Assessed at chronological age = 26 months 0 days; start point =N; raw score = 60; scaled score = 8; 

composite score = 90.  

. 
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Table A1: Example of derivation of Bayley-III Cognitive 

Scale scores for corrected and chronological age 

Start point Cognitive 

Scale Item 

Number 

Cognitive 

Scale Raw 

Score 

Start Point L/M 45 1 

Corrected age: 46 1 

25 months 6 days 47 1 

 48 0 

 49 1 

 50 0 

 51 1 

 52 0 

 53 0 

 54 0 

 55 1 

Start Point N 56 1 

Chronological age: 57 1 

26 months 0 days 58 1 

 59 0 

 60 1 

 61 0 

 62 1 

 63 0 

 64 0 

 65 0 

 66 0 

 67 0 

 

 

 


