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Abstract 

 

Few studies exist investigating lung function trajectories of those born preterm, however growing 

evidence suggests some individuals experience increasing airway obstruction throughout life. Here we 

use the studies identified in a recent systematic review to provide the first meta-analysis investigating 

the impact of preterm birth on airway obstruction measured by the FEV1/FVC ratio. 

 

Cohorts were included for analysis if they reported FEV1/FVC in survivors of preterm birth (<37 weeks’ 

gestation) and control populations born at term. Meta-analysis was performed using a random effect 

model, expressed as standardised mean difference (SMD). Meta-regression was conducted using age 

and birth year as moderators.  

 

55 cohorts were eligible, 35 of which defined groups with bronchopulmonary dysplasia (BPD). 

Compared to control populations born at term, lower values of FEV1/FVC were seen in all individuals 

born preterm (SMD -0.56), with greater differences seen in those with BPD (SMD -0.87) than those 

without BPD (SMD -0.45). Meta-regression identified age as a significant predictor of FEV1/FVC in 

those with BPD with the FEV1/FVC ratio moving -0.04 SDs away from the term control population for 

every year of increased age. 

 

Survivors of preterm birth have significantly increased airway obstruction compared to those born at 

term with larger differences in those with BPD. Increased age is associated with a decline in FEV1/FVC 

values suggesting increased airway obstruction over the life course.  



Introduction 

 

Lung disease remains a significant complication of preterm birth despite temporal changes in the 

underlying pathology of bronchopulmonary dysplasia (BPD) [1]. Advances in neonatal care during the 

1990s, particularly the routine use of antenatal corticosteroids and exogenous surfactant [2] have 

increased survival of infants born very and extremely preterm (<32 weeks’ gestation), and the 

emergence of "new" BPD. As such, there are more survivors of preterm birth than ever before, and 

those born in the contemporary era with new BPD are born at an earlier stage of lung development with 

large and simplified alveoli [2] compared to the thick-walled alveoli initially described by Northway et 

al [3]. Despite this, our understanding of the long-term implications of preterm lung disease remains 

limited. 

 

We recently published an updated and extended systematic review and meta-analysis demonstrating 

that survivors of preterm birth have persistent deficits in spirometry measured forced expiratory volume 

expired in 1 second (FEV1) [4]. The greatest deficits were seen in those with BPD having a percent 

predicted FEV1 16% lower than those born at term. However, increased airway obstruction, measured 

using FEV1/forced vital capacity (FVC), is also reported in survivors of preterm birth [5]. Furthermore 

a progressive decline in FEV1/FVC values has been noted throughout childhood and adolescence in 

longitudinal studies by Simpson et al [6] and Doyle et al [7] in preterm survivors of the post-surfactant 

era, and extending into the sixth decade of life in those born in the pre-surfactant era [8]. As such, there 

is a growing recognition that very preterm birth may represent a significant risk factor for early-onset 

chronic obstructive pulmonary disease (COPD) [9, 10], with COPD characterised by progressive airway 

obstruction and commonly defined as post-bronchodilator FEV1/FVC < 0.70 [11].  

 

To test the hypothesis that survivors of preterm birth have increased airway obstruction compared to 

those born at term, and that preterm birth and BPD are risk factors for developing COPD, here we will 

perform a post-hoc analysis to expand on the findings from our recent systematic review on FEV1 to 

provide what is to the best of our knowledge the first meta-analysis on FEV1/FVC in survivors of 

preterm birth.  



Methods 

Research questions 

This post-hoc meta-analysis was designed to answer the following questions 

1. Do those born preterm (with and without a diagnosis of BPD) have increased airway 

obstruction, as measured by FEV1/FVC, compared to individuals born at term 

2. Does airway obstruction, as measured by FEV1/FVC, increase with age in those born preterm 

(with and without BPD) compared with those born at term 

 

The forced mid-expiratory flow (FEF25-75) has previously been used a marker of small airway 

obstruction, however due to concerns about highly variable and poorly reproducible measurements cited 

in the latest European Respiratory Society and American Thoracic Society technical standard [12] it 

has not been used as an outcome in this review. FEF25-75 values have, however, been provided for 

reference from extracted studies. 

 

Study identification and selection 

Studies were identified using the systematic review methods described previously by Kotecha et al [4, 

13] which followed the Preferred Reporting Items for Systematic Reviews and Meta-analysis 

(PRISMA) guidelines [14]. Briefly, 86 studies in total met inclusion criteria for analysis of FEV1. 

Although this systematic review was designed to capture studies to answer questions specifically related 

to FEV1, the search criteria were subsequently deemed acceptable to appropriately capture other 

spirometry measures including FVC, FEV1/FVC ratio and FEF25-75. Studies were included for this 

analysis if they fulfilled the following criteria: 1) FEV1/FVC reported in survivors of preterm birth (with 

or without BPD) and those born healthy at term, or if 2) FEV1/FVC were reported separately in survivors 

of preterm birth with and without BPD. 

 

Publication bias and study quality 

The effects of publication bias were measured subjectively using funnel plots and objectively using 

Egger's test. Study quality was assessed using a modified version of the Newcastle-Ottowa scale as 

previously described [4]. 

 

Data collection 

Data were extracted from published manuscripts into the electronic data capture database REDCap 

(Research Electronic Data Capture) [15]. If data were not presented in an appropriate format the 

manuscript’s authors were contacted to see if they could provide the additional required data. Where 

available, data were collected as mean and standard deviation (SD). Where variances were presented as 

standard error, 95% confidence intervals (95% CI), interquartile range (IQR), or range (minimum and 

maximum values), values were converted to standard deviations using the methods outlined in the 



Cochrane Handbook [16]. Where data were presented as medians, it was first checked for skewness 

using the methods outlined by Shi et al [17] and if found to be significantly skewed not included in the 

analysis. For included data, mean was estimated using the methods of Luo et al [18] and IQR and range 

were estimated using the methods of Wan et al [19].  Spirometry values were preferably collected as 

standard (Z) scores and percent predicted (% predicted) respectively to adjust for variations in height 

and gender of individuals over raw ratios.  Each group extracted from a study was assigned one of the 

following statuses: 1) Preterm with BPD, 2) preterm without BPD, 3) preterm with mix of participants 

(both with and without BPD) or BPD status not specified, or 4) term. BPD diagnostic criteria were 

recorded, and it was considered acceptable to have BPD status classified on diagnostic criteria 

appropriate for the time of study publication. Groups were also banded by gestational age (extremely 

preterm: less than 28 weeks’ gestation, very preterm: 28 – 32 weeks’ gestation, and moderate-late 

preterm: >32 weeks’ gestation) to allow for subgroup analysis. 

 

Data analysis 

Statistical analysis was performed in R (version 4.1.2) using the meta (version 5.1-1), metafor (version 

3.0-2), and dmetar. (version 0.0.9) packages using previously documented techniques [20]. Data was 

extracted directly from REDCap to minimise the possibility for transcription errors during analysis. If 

necessary, study groups were pooled using the methods described in The Cochrane Handbook [16] into 

Preterm (All), Preterm (BPD), Preterm (no BPD), or Term groups for analysis. If a summary group of 

all preterm participants was not reported by the study, all individual preterm groups were combined to 

provide the value for Preterm (All). 

 

As studies presented results using varying continuous measures (Z-scores, % predicted, or raw values),  

standardised mean difference (SMD) was calculated between groups in each study to allow for cross-

study comparison as per Cochrane recommendations [16]. Heterogeneity was calculated using the 

Restricted-Maximum Likelihood Method, appropriate for continuous outcomes, with Knapp-Hartung 

adjustments used to control for uncertainty in between study heterogeneity. Use of fixed verses random 

effects models for meta-analysis was determined by between study heterogeneity (I2). The Hedges' g 

method was used in calculating the SMD to correct for overestimation with small sample sizes.  

 

Meta-regression analysis was conducted to investigate the effect of age and birth year on the SMD 

calculated for each group comparison. While age was the primary variable of interest, birth year was 

investigated to account for changes in lung function which may have occurred due to changes in medical 

care over time. A variance inflation factor (VIF) was calculated using the vif.rma function of the metafor 

to measure any effects of collinearity between age and birth year. Average participant age was rounded 

to the nearest whole number for each study due to studies presenting varying degrees of detail for the 



age of each group. F-tests were used to calculate the significance of age and birth year as moderators in 

reducing heterogeneity and thus having a significant effect on regression models against SMD.  

 

Results 

Study selection and study quality 

Of the 86 preterm cohorts identified with spirometry data from the systematic review, 55 were identified 

with FEV1/FVC data meeting inclusion criteria with 35 defined groups born preterm diagnosed with 

BPD and 31 defined groups born preterm without BPD [5, 8, 21-115]. Average quality score for studies 

with FEV1/FVC data was 14.4 of a total score of 20, ranging from 7 to 19 (Supplementary Table 1). 

Summarised lung function data extracted and converted to pooled mean (SD) values is available in 

Supplementary Table 2. 

 

Publication bias 

Publication bias was observed when comparing Preterm (All) with Term groups subjectively with an 

asymmetrical distribution noted on funnel plots, and objectively with Egger’s test reaching significance 

(p < 0.01). When preterm groups were separated into those with and without BPD, however, a 

symmetric distribution was noted on all funnel plots and Egger’s test did not reach significance 

(Supplementary Figure 1). This could imply that asymmetry seen in the combined preterm group may 

be due to the heterogeneity of having two different disease populations defined by the presence or 

absence of BPD.  

 

Meta-analysis 

All spirometry outcomes were reduced in those born preterm compared with term controls (Table 1). 

Moderate to high levels of heterogeneity were noted in all groups necessitating the use of random-

effects meta-analysis. However, heterogeneity was reduced when BPD status was considered.  

 

Those born preterm had an FEV1/FVC ratio 0.56 SDs lower than term born controls (95% CI -0.68 to -

0.45). BPD status had a significant impact on airflow obstruction, such that those with BPD had 

reductions in FEV1/FVC ratio of -0.87 SDs (-1.02 to -0.71) below term, while survivors of preterm birth 

without BPD had less severe but still significant airflow obstruction at -0.45 SDs (-0.62 to -0.27) below 

term. 

 

Lower gestation was associated with a greater lung function deficit. Subgroup analysis conducted by 

average gestational age identified that those born <28 weeks’ gestation had the most substantial airflow 

obstruction with FEV1/FVC values 0.72 SDs (-0.86 to -0.59) below term controls, with less obstruction 

seen in those born 28 to 32 weeks’ (-0.58 SDs, -0.79 to -0.37) and moderate-to-late preterm >32 weeks’ 

(-0.21 SDs, -0.35 to -0.07). 



 

Identification and removal of outliers to data was not found to have a significant effect on the overall 

outcomes of the meta-analysis. 

 

Meta-regression 

Meta-regression analyses comparing spirometry values in preterm children to term controls, accounting 

separately for age and birth year, are presented in Table 2. In those with BPD increased airflow 

obstruction was associated with increasing age, with the FEV1/FVC ratio moving -0.04 SDs away from 

the term control population for every year of increased age (R2=48.8, p < 0.001, Figure 2). Over a 25-

year period this amounts to the FEV1/FVC ratio being 1 SD below those born healthy at term. The 

FEV1/FVC ratio was also noted to increase by 0.02 SDs for every annual increase in birth year (R2=11.7, 

p = 0.04) relative to the term control group.  

 

Cohorts with lung function data collected at older ages were noted to have come from those born at 

earlier birth years, and a significant correlation was noted between age and birth year (p < 0.001), 

however in regression models accounting for both age and birth year the VIF for age was low (1.42). 

Additionally, ANOVA of two mixed effects models, one accounting for age alone and the other 

accounting for both age and birth year, was performed with results showing that after accounting for 

age, birth year did not significantly improve the model (p = 0.91) where conversely after accounting for 

birth year, age was found to remain a significant predictor (p = 0.001). This suggests despite the noted 

collinearity, age primarily accounted for the changes seen in FEV1/FVC ratios. 

 

No significant associations were noted in meta-regression analysis between FEV1/FVC and age or birth 

year in the combined preterm group or in those born preterm without BPD. The FEV1/FVC ratio in 

those with BPD was however also noted to decline by -0.03 SDs annually with age relative to those 

born preterm without BPD (R2=62.6, p = 0.01). The relationship between FEV1 and birth year has been 

discussed in our prior manuscript. 

 

Discussion 

This meta-analysis consolidates the current literature on airway obstruction in individuals born preterm. 

We show that survivors of preterm birth, both with and without a diagnosis of BPD, have increased 

airway obstruction (FEV1/FVC) compared with those born healthy at term. Additionally, those 

diagnosed with BPD have more profound airway obstruction. Meta-regression analysis show that 

airway obstruction increases more rapidly with aging in those with BPD. Therefore, a diagnosis of BPD 

during infancy represents a significant risk factor for lifelong preterm lung disease. 

 



To our knowledge no previous meta-analysis has been published investigating FEV1/FVC in those born 

preterm across all gestational ages < 37 weeks’ gestation. A recent systematic review and meta-analysis 

by Du Berry et al [116] investigated people born at moderate-late gestational ages (32 to < 37 weeks’ 

gestation) reporting modest but significant overall decreases in FEV1/FVC in this group compared to 

those born at term. Our analysis extends these findings, to show that individuals born very (28 - 32 

weeks’ gestation) and extremely (<28 weeks’ gestation) preterm have progressively more profound 

degrees of airway obstruction reported later in life, with those diagnosed with BPD as infants at the 

highest risk.  

 

Results of the meta-regression analysis reported here correlate with longitudinal data demonstrating an 

accelerated decline in FEV1/FVC suggestive of increased airway obstruction following preterm birth 

previously reported in pre-surfactant era cohorts reported by Bårdsen et al [117], and post-surfactant 

era cohorts by Simpson et al [6] and Doyle et al [7]. Additionally, a recently published study by Bui et 

al [8] on a pre-surfactant era cohort of middle-aged survivors of preterm birth reported declining 

FEV1/FVC trajectories across middle age in those born 28 to <32 weeks’ gestation compared to those 

born late preterm or at term, and a significant association with COPD diagnosis. Preterm birth and BPD 

have been gaining growing recognition as risk factors for later developing a COPD-like phenotype, 

identified in both the recent Lancet commission on COPD [118] and Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) report [119]. With findings of increasing airway obstruction 

associated with age, the results of this study support the suggestion that those diagnosed with BPD as 

infants are at significant risk of lifelong preterm lung disease, and are more likely to follow a trajectory 

to an early onset COPD-like disease later in life. 

 

The mechanisms underpinning increasing airway obstruction following preterm birth are incompletely 

understood though likely multifactorial. Structural abnormalities of the airways are a well-recognised 

feature of BPD at birth, noted to persist into adolescence and adulthood on CT imaging and on 

histopathology [5][120]. Persistent inflammation is also likely to play a role in ongoing airway 

remodelling with evidence of CD8 T-lymphocyte predominant chronic inflammation seen in adults 

previously diagnosed with BPD, resembling patterns observed in COPD [121]. In addition, genetic 

factors may also play a role, with a significant association noted between COPD-associated genes and 

FEV1 and FEV1/FVC in preterm-born children at five years [122]. As our understanding of the 

mechanisms underlying the disease improves, it may provide opportunities to target treatments to slow, 

arrest, or reverse any associated decline in lung function, and as such should be targeted as a priority in 

research moving forward.  

 

With substantial changes in neonatal practice over the last several decades it may be anticipated that 

long-term respiratory outcomes may have changed, as evident by improvements in FEV1 noted in our 



previous paper [4], however after adjusting for the effects of age, birth year was not significantly 

associated with airway obstruction in this analysis. Interpretation of this finding is complicated, 

however, by the changing nature of BPD over the same few decades as while neonatal care has 

improved in the “post-surfactant era”, those diagnosed with BPD are now born at significantly lower 

gestational ages and have a different airway pathology at birth to those born in the “pre-surfactant era” 

[2]. It is feasible to consider that when considering the long-term respiratory consequences of preterm 

birth, improvements in neonatal care may have been somewhat offset by increased numbers of children 

surviving extreme preterm birth. Conversely, not all longitudinal cohorts in the post-surfactant era 

demonstrate the increase in airway obstruction described by Simpson et al [6] and Doyle et al  [7]. In 

addition to their pre-surfactant era cohorts, Bårdsen et al [117] also report on a post-surfactant era cohort 

where airway obstruction appears to improve between mid-childhood and early adulthood. Notably the 

pre-surfactant era cohorts in the same region show increased airway obstruction through adolescence. 

Ongoing follow up of other longitudinal cohorts in the post-surfactant era will be critical to improve 

our understanding of any effects changes in neonatal practice have had on long-term lung health. 

 

Limitations must be noted too in the data available for this analysis, as it reflects cross-sectional data 

from a highly heterogenous group of studies across multiple decades using different laboratory 

equipment and populations. Additionally, as has been previously noted, there have been significant 

changes in neonatal care over time which have changed the characteristics of preterm lung disease over 

time most notably with “classic-” and “new-BPD”, while the diagnosis of BPD has also changed 

significantly over the last several decades, likely contributing to the high levels of heterogeneity noted 

in our data. The strengths of this study parallel those described by Kotecha et al [4] in that we have 

provided the largest analysis to date of FEV1/FVC in those born preterm with 5 511 preterm-born and 

12 648 term-born individuals included in this analysis. While limiting this analysis to only include 

studies with term-born reference populations did result in several studies being excluded, it also 

provides confidence in the accuracy of differences noted between preterm and term populations which 

may not be possible if reference equations were used as a standard to measure against. 

 

This study identifies an urgent need to better understand the life-long lung health trajectories of those 

born preterm due to the implications associated with an ever-growing population of survivors of preterm 

birth and the potential life-long impacts of preterm lung disease. Identification of individuals at risk for 

early decline in lung health trajectories will facilitate appropriate follow up and intervention at an earlier 

time point, something which has been demonstrated to be essential in other forms of COPD. 

Additionally, there is a need to better understand the underlying mechanisms behind preterm lung 

disease such that we can better identify treatments to halt or reverse this trajectory towards COPD. 

 



In conclusion, this meta-analysis provides the first comprehensive review of airway obstruction 

measured using spirometry in survivors of preterm birth. It raises significant concerns of progressive 

airway obstruction in a growing population of individuals, which is only now starting to be reflected in 

the adult healthcare system. It is a necessity that ongoing longitudinal follow up of cohorts of survivors 

of preterm birth continue as they enter adulthood so that we can better understand the long-term 

respiratory consequences of prematurity, and ultimately so that we can identify treatments to halt or 

reverse preterm associated lung disease. 

  



Points for clinical practice 

• With a growing number of survivors of preterm birth entering adulthood, patients should be 

screened for a history of preterm birth, particularly if they have respiratory symptoms or 

evidence of chronic obstructive pulmonary disease. 

 

Questions for future research 

• Further longitudinal studies on cohorts of survivors of preterm birth are essential to track lung 

function trajectories into adulthood, and investigate the neonatal and life course factors which 

may be associated with poorer lung health later in life. 

• Do those born in the post-surfactant era of neonatal care have different lung health trajectories 

to those born in the pre-surfactant era? 

• What are the mechanisms which drive persistent lung disease in survivors of preterm birth 

beyond the neonatal period?  



Table 1: Meta-analysis of all spirometry variables 
 nCohort n1  n2 SMD [95% CI] I2 [95% CI] 95% Prediction Interval 

FEV1       

Preterm (All) vs. Term 90 7235 17436 -0.67 [-0.75, -0.58]* 80% [76, 84]* [-1.33, -0.00] 

Preterm (BPD) vs. Term 55 1745 2856 -1.24 [-1.38, -1.10]* 66% [54, 74]* [-1.97, -0.51] 

Preterm (No BPD) vs. Term 50 2342 2742 -0.46 [-0.55, -0.38]* 46% [25, 61]* [-0.85, -0.07] 

Preterm (BPD) vs. Preterm (No BPD) 57 1963 2743 -0.67 [-0.78, -0.57]* 51% [34, 64]* [-1.21, -0.14] 

FVC       

Preterm (All) vs. Term 77 6635 15401 -0.36 [-0.43, -0.29]* 65% [56, 73]* [-0.81, 0.08] 

Preterm (BPD) vs. Term 50 1683 2769 -0.69 [-0.80, -0.58]* 54% [37, 67]* [-1.23, -0.14] 

Preterm (No BPD) vs. Term 46 2219 2663 -0.21 [-0.29, -0.13]* 35% [7, 55]â€¡ [-0.53, 0.12] 

Preterm (BPD) vs. Preterm (No BPD) 52 1907 2605 -0.42 [-0.51, -0.33]* 35% [8, 54]â€  [-0.79, -0.05] 

FEV1/FVC       

Preterm (All) vs. Term 55 5501 12648 -0.56 [-0.68, -0.45]* 83% [78, 86]* [-1.29, 0.16] 

Preterm (BPD) vs. Term 35 1326 1851 -0.87 [-1.02, -0.71]* 72% [61, 80]* [-1.64, -0.09] 

Preterm (No BPD) vs. Term 31 1606 1727 -0.45 [-0.62, -0.27]* 79% [70, 85]* [-1.28, 0.39] 

Preterm (BPD) vs. Preterm (No BPD) 36 1359 1902 -0.38 [-0.50, -0.25]* 52% [29, 67]* [-0.87, 0.12] 

FEF 25-75       

Preterm (All) vs. Term 50 4625 9540 -0.82 [-0.96, -0.68]* 85% [80, 88]* [-1.65, 0.00] 

Preterm (BPD) vs. Term 35 1224 1758 -1.33 [-1.50, -1.15]* 61% [44, 73]* [-1.94, -0.71] 

Preterm (No BPD) vs. Term 30 1458 1610 -0.60 [-0.72, -0.47]* 47% [20, 66]â€  [-0.97, -0.23] 

Preterm (BPD) vs. Preterm (No BPD) 38 1394 1972 -0.66 [-0.81, -0.51]* 60% [43, 72]* [-1.28, -0.04] 

ncohort: number of cohorts, n1: number of individuals in group 1, n2: number of individuals in group 2, SMD: standardised mean difference as measured by Hedges’ g, I2: 

Heterogeneity, *p < 0.001, ‚†p < 0.01, ‡p < 0.05 



Table 2: Meta-regression analysis moderating for Age and Birth Year 

 

 Age Birth Year 

 R2 (I2)  (95% CI) p R2 (I2)  (95% CI) p 

FEV1       

Preterm (All) vs. Term 1.6 (78.5) 0.01 (-0.01, 0.02) 0.39 0.0 (79.3) 0.00 (0.00, 0.01) 0.39 

Preterm (BPD) vs. Term 0.0 (66.0) -0.01 (-0.04, 0.02) 0.50 20.3 (60.7) 0.02 (0.00, 0.03) 0.02 

Preterm (No BPD) vs. Term 0.0 (43.4) 0.00 (-0.01, 0.02) 0.61 0.0 (44.2) 0.00 (0.00, 0.01) 0.27 

Preterm (BPD) vs. Preterm (No BPD) 7.4 (50.7) -0.01 (-0.04, 0.01) 0.18 22.9 (49.3) 0.02 (0.00, 0.03) 0.01 

FVC       

Preterm (All) vs. Term 2.2 (63.5) 0.01 (-0.01, 0.02) 0.32 0.0 (64.3) 0.00 (-0.01, 0.01) 0.83 

Preterm (BPD) vs. Term 0.0 (56.6) 0.00 (-0.02, 0.02) 0.99 0.0 (52.9) 0.00 (-0.01, 0.02) 0.57 

Preterm (No BPD) vs. Term 0.0 (35.8) 0.00 (-0.01, 0.02) 0.67 0.0 (36.9) 0.00 (-0.00, 0.01) 0.34 

Preterm (BPD) vs. Preterm (No BPD) 0.0 (36.6) -0.00 (-0.02, 0.01) 0.58 0.0 (39.5) 0.00 (-0.01, 0.02) 0.37 

FEV1/FVC       

Preterm (All) vs. Term 1.6 (82.7) -0.01 (-0.03, 0.01) 0.36 0.0 (83.0) 0.00 (-0.01, 0.01) 0.99 

Preterm (BPD) vs. Term 48.8 (56.6) -0.04 (-0.07, -0.02) 0.001 11.7 (67.7) 0.02 (0.00, 0.04) 0.04 

Preterm (No BPD) vs. Term 2.1 (77.0) -0.01 (-0.04, 0.02) 0.41 0.0 (78.2) 0.01 (-0.01, 0.03) 0.57 

Preterm (BPD) vs. Preterm (No BPD) 62.6 (27.8) -0.03 (-0.05, -0.01) 0.01 9.0 (48.5) 0.01 (-0.01, 0.03) 0.19 

FEF 25-75       
Preterm (All) vs. Term 0.0 (84.8) 0.01 (-0.02, 0.03) 0.61 1.2 (83.5) 0.01 (-0.01, 0.02) 0.22 

Preterm (BPD) vs. Term 0.0 (59.2) 0.00 (-0.03, 0.04) 0.79 5.2 (44.8) 0.01 (-0.01, 0.03) 0.29 

Preterm (No BPD) vs. Term 0.0 (37.8) 0.01 (-0.01, 0.03) 0.49 0.0 (45.2) -0.00 (-0.02, 0.01) 0.96 

Preterm (BPD) vs. Preterm (No BPD) 0.0 (62.3) -0.00 (-0.03, 0.02) 0.75 17.7 (58.1) 0.02 (0.00, 0.04) 0.03 

R2: Heterogeneity accounted for by moderator (as percentage), I2: Residual heterogeneity remaining after accounting for moderator, : Regression 

coefficient, p: P-value for influence of moderator on effect size of study, calculated using F-test 
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Forest plot comparing FEV1/FVC ratios of those born preterm with BPD to healthy term born 
individuals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Meta-regression of the effects of age on FEV1/FVC ratios in those born preterm with BPD compared 
to healthy term born individuals 
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Supplementary Figure 1 – Funnel plots for publication bias in FEV1/FVC 

  

 
 

  



Supplementary Figure 2 – Forest plot of Preterm (All) vs Term 

  



Supplementary Figure 3 – Forest plot of Preterm (No BPD) vs Term

  



Supplementary Figure 4: FEV1/FVC in extremely, very, and moderate-late preterm individuals 

 

 

 



Supplementary Figure 5 – Meta-regression analysis of FEV1/FVC vs age 

 

 

 

 

 
 

  



Supplementary Figure 6 – Meta-regression analysis of FEV1/FVC vs year of birth 

 

 

 
  



Supplementary Figure 7 – Age banded meta-regression analysis of FEV1/FVC BPD vs Term 

 

 

 



Supplementary Table 1  
Country Participant Age 

(Rounded) 

Birth Year BPD Definition Quality  

(/20) 

Abreu 2007 [1] Brazil 8 1993 - 1996 1) Positive pressure ventilation during the first week of life for at least three 

days 

2) Clinical signs of chronic respiratory disease - tachypnea, respiratory 

discomfort 3) Oxygen supplement necessity for over 28 days in order to 

keep an oxygen arterial pressure over 50 mmHg or pulse oxymetry over 

90%  

4) Trunk radiographies abnormalities, showing persistent grooves in both 

lungs, alternating with radio-luminescence areas; these formations may 

coalesce, giving it a bubble aspect. 

14 

Anand 2003 [2] United 

Kingdom 

15 1980 - 1981 Not defined 16 

Arigliani 2020 [3] Italy 11 2004 - 2010 Supplemental oxygen at 36 weeks postmenstrual age 16 

Bader 1987 [4] USA 10 1973 - 1973 Radiologic findings (hyperinflation or multiple cystic areas) compatible with 

diagnosis of BPD as described by Northway. 

12 

Baraldi 2005 [5] Italy 9 1990 - 1994 BPD was defined as clinical signs of respiratory distress, chest radiograph 

abnormalities, and oxygen dependence at 28 days of life 

11 

Barker 2003 [6] Germany 10 1983 - 1989 Neonatal chest X-rays were reviewed by an experienced pediatric radiologist 

for characteristic features of BPD. Regardless of their length of oxygen 

requirement, all subjects with a history of mechanical ventilation were 

assigned to groups BPD+ or BPD- according to radiologic criteria at one 

month of age. Non-ventilated preterm children were included in BPD-. 

16 

Bertrand 1985 [7] Canada 10 Unknown Not defined 14 

Bozzetto 2016 [8] Italy 14 Unknown Need for at least 28 days supplemental oxygen 12 



Brostrom 2010 [9] Sweden 7 1992 - 1997 Based on need for supplementary oxygen at 28 days, severity of BPD 

determined at 36 weeks gestational age. 

8 

Bui 2022 [10] Australia 53 1961 - 1961 Not defined Unable to 

score 

Burns 2009 [11] Australia 12 1992 - 1994 Not defined 16 

Cazzato 2013 [12] Italy 8 1996 - 1999 Supplemental oxygen at 36 weeks postmenstrual age 18 

Chang 2020 [13] Taiwan 6 2015 - 2017 Defined according to the National Heart, Lung, and Blood Institute 

workshop criteria [14] 

15 

Choukroun 2013 [15] France 9 1997 - 2001 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

15 

de Kleine 1990 [16] The 

Netherlands 

13 1967 - 1977 BPD diagnosed on the basis of dependence of oxygen therapy for more than 

28 days after intermittent positive pressure ventilation hyaline membrane 

disease 

18 

Debevec 2019 [17] Slovenia 21 Unknown Not defined (BPD not referenced) 13 

Devakumar 2015 [18] Nepal 8 2002 - 2004 Not defined 19 

Di Filippo 2021 [19] Italy 11 2006 - 2007 The diagnosis of BPD was based on the oxygen need for 28 days and 

additional oxygen or ventilation requirements at 36 weeks' postmenstrual 

age. 

17 

Doyle 2017 [20] 

(1997 cohort) 

Australia 8 1997 - 1997 Not defined 16 

Doyle 2001 [21] 

(1977-1982 cohort) 

Australia 14 1977 - 1982 Oxygen requirement at 28 days of age 19 

Doyle 2006 [22] 

(1991-1992 cohort) 

Australia 8 1991 - 1992 BPD was defined as clinical signs of respiratory distress with an oxygen 

requirement at 36 weeks of postmenstrual age 

17 

Durlak 2021 [23] Poland 7 2008 - 2010 Supplemental oxygen at 36 weeks postmenstrual age 14 



Evensen 2009 [24] Norway 18 1986 - 1988 Oxygen requirement >28 days, and days on respirator in the neonatal period. 19 

Fawke 2010 [25] United 

Kingdom 

11 1995 - 1995 Supplemental oxygen at 36 weeks postmenstrual age 16 

Flahault 2020 [26] Canada 23 1987 - 1997 Supplemental oxygen at 36 weeks postmenstrual age 12 

Fortuna 2016 [27] Italy 8 1999 - 2002 Supplemental oxygen at 36 weeks postmenstrual age 14 

Gaffin 2020 [28] USA 8 2008 - 2013 Not defined (No BPD group) 10 

Galdes-Sebaldt 1989 

[29] 

USA 11 1973 - 1977 The diagnosis of HMD was made according to the following criteria:  

1) evidence of respiratory distress in the first hours of life,  

2) deteriorating respiratory status and increasing oxygen dependence until 48 

to 72 hours of life,  

3) supplemental oxygen requirements above an inspired fractional 

concentration of 40%,  

4) a bilateral reticulogranular pattern on chest radiograph, and  

5) the absence of clinical or laboratory evidence of bacterial infection 

11 

Giacoia 1997 [30] USA 12 1978 - 1986 Diagnosis of BPD (defined as need for supplemental oxygen, ventilator 

dependency, or both, at or beyond 36 weeks of postconceptional age and 

diagnostic clinical and radiologic findings on chest radiographs) in 

premature infants with previous positive-pressure ventilation 

12 

Goncalves 2016 [31] Brazil 10 2000 - 2004 The diagnosis of BPD was established in infants who, after 28 days of life, 

had respiratory failure and depended on oxy- gen at over 21% concentration 

to maintain partial pressure of oxygen >50mmHg. 

13 

Gough 2013 [32] United 

Kingdom 

25 1978 - 1993 The requirement for supplemental oxygen at 28 post-natal days and 

radiographic changes and severity (mild, moderate or severe) according to 

oxygen requirements at 36 weeks post-menstrual age 

16 

Gross 1998 [33] USA 7 1985 - 1986 Supplemental oxygen at 28 days 19 



Guimaraes 2011 [34] Portugal 7 2002 - 2004 Supplemental oxygen at 36 weeks postmenstrual age 8 

Hadchouel 2018 [35] France 15 1997 - 1997 The need for supplemental oxygen and/or ventilatory support at 36 weeks of 

postmenstrual age 

16 

Hagman 2021 [36] Sweden 13 2001 - 2003 Supplemental oxygen at 36 weeks postmenstrual age 12 

Hakulinen 1996 [37] Finland 9 1978 - 1985 BPD was diagnosed according to  

1) a requirement for intermittent positive-pressure ventilation during the first 

week of life, and for a minimum of 3 days 

2) clinical signs of chronic respiratory disease persisting for more than 28 

days 

3) a requirement for supplementary oxygen beyond age 1 month 

4) chronic changes in the chest x-ray at age 1 month. 

13 

Halvorsen 2005 [38] 

(1982-1985 cohort) 

Norway 18 1982 - 1985 Mild or moderate/severe BPD if requiring supplemental oxygen at a post-

natal age ≥ 28 days or a post-menstrual age (PMA) ≥36 weeks, respectively 

15 

Halvorsen 2005 [38] 

(1991-2 Cohort) 

Norway 10 1991 - 1992 Not defined 15 

Hamon 2013 [39] France 7 1999 - 2001 Supplemental oxygen at 36 weeks postmenstrual age 13 

Hart 2021 [40] United 

Kingdom 

10 2005 - 2013 Diagnosis of BPD was based on oxygen requirement at 28 days of age or at 

36 weeks post-conceptual age. 

18 

Hirata 2015 [41] Japan 8 1990 - 2004 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

17 

Jacob 1998 [42] Canada 11 1981 - 1987 Supplemental oxygen at 36 weeks postmenstrual age 15 

Joshi 2013 [43] United 

Kingdom 

10 Unknown CLD was diagnosed pragmatically and would have been classified as 

moderate to severe using the National Institutes of Health's definition of 

BPD [14]. 

15 



Kaczmarczyk 2017 

[44] 

Poland 28 1983 - 1987 The need for oxygen or respiratory support at 28 days after birth 12 

Kaplan 2012 [45] Israel 10 1997 - 2001 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

12 

Karila 2008 [46] France 10 2000 - 2001 Supplemental oxygen at 28 days 7 

Karnaushkina 2017 

[47] 

Not stated, 

authors 

from 

Russia 

21 
 

Not defined (No BPD group) 

  
 

7 

Kennedy 2000 [48] Australia 11 1981 - 1982 Not defined (No BPD group) 15 

Kilbride 2012 [49] not stated, 

authors 

from USA 

13 1993 - 1995 Not defined (No BPD group) 7 

Kilbride 2003 [50] USA 11 1983 - 1989 Need for supplemental oxygen at 28 days of life 14 

Konefal 2013 [51] Poland 10 1995 - 1999 Requiring supplemental oxygen beyond 36 weeks postmenstrual age or 

discharge home to maintain oxygen saturation in the 88-95% range by pulse 

oximetry measurement 

14 

Korhonen 2004 [52] Finland 7 1990 - 1994 Criteria for BPD diagnosis at 28 days postnatal age (BPD) and 36 week 

corrected gestational age (severe BPD) were the requirement of 

supplemental oxygen  and chest X-ray findings typical of BPD, interpreted 

by a paediatric radiologist. 

16 

Kotecha 2012 [43] United 

Kingdom 

9 1990 - 1992 Not defined (No BPD group) 15 



Kulasekaran 2007 [53] Australia 8 1989 - 1990 An infant who had radiological changes of chronic lung disease of 

prematurity and had a requirement for supplemental oxygen at 36 weeks 

PMA 

14 

Kung 2021 [54] Taiwan 8 2004 - 2005 Not defined (No BPD group) 14 

Kwinta 2013 [55] Poland 7 2002 - 2004 Defined as at least 28 days of oxygen therapy, moderate and severe BPD 

defined as oxygen therapy at 36 weeks post menstrual age 

15 

Landry 2016 [56] Canada 22 1987 - 1993 Definition based on hospital coding for BPD, which was based on ICD-9 

diagnostic code (770.7) 

12 

MacLean 2016 [57] Canada 12 1997 - 2004 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

15 

Mai 2003 [58] Sweden 12 1987 - 1988 Not defined 11 

Mieskonen 2002 [59] Finland 8 1989 - 1991 Supplemental oxygen at 36 weeks postmenstrual age 13 

Mitchell 1998 [60] USA 7 1985 - 1987 The BPD survivors subgroup included children with a history of neonatal 

respiratory distress, exposure to mechanical ventilation, radiographic 

features of BPD (1), and dependence on supplemental oxygen at 4 wk of 

postnatal age or older. 

11 

Molgat-Seon 2019 [61] Canada 21 1979 - 1997 Bronchopulmonary dysplasia was considered present if the infant received 

oxygen therapy of >21% oxygen for ≥ 28 days after birth. Severity of 

bronchopulmonary dysplasia was determined based on the percent of oxygen 

breathed at 36 weeks postmenstrual age (if born ≥ 32 weeks gestational age) 

or at 56 days postnatal age (if born ≥ 32 weeks gestational age) or at 

discharge, whichever occurred first 

13 

Morata-Alba 2019 [62] Spain 8 2006 - 2008 Not defined (No BPD group) 16 

Morris 2018 [63] United 

Kingdom 

17 Unknown Not defined 7 



Morsing 2011 [64] Sweden 8 1998 - 2004 Need for supplemental oxygen requirement (FiO2 > 0.30) at 36 weeks' 

gestation 

19 

Narayanan 2013 [65] United 

Kingdom 

12 Unknown Chronic lung disease: GA <32 weeks and oxygen dependent beyond 4 

weeks 

11 

Nasanen-Gilmore 2018 

[66] 

Finland 23 1985 - 1986 By paediatrician's diagnosis, or defined according to the National Institute of 

Child Health and Human Development consensus definition [14] 

17 

Northway 1990 [67] USA 18 1964 - 1973 Chest radiograph consistent with bronchopulmonary dysplasia 12 

Odberg 2010 [68] Norway 19 1986 - 1988 Not defined (No BPD group) 12 

Palta 2007 [69] USA 10 1988 - 1991 BPD was defined as use of supplemental oxygen at 36 weeks postmenstrual 

age (PMA) 

15 

Panagiotounakou 2019 

[70] 

Greece 8 2007 - 2009 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

13 

Perez-Tarazona 2021 

[71] 

Spain 14 2003 - 2005 The accepted definitions of BPD used by each center at the time of diagnosis 

were as follows:  

(1) Supplementary oxygen requirements for ≥ 28 days, regardless of the 

situation at 36 weeks post-menstrual age.  

(2) National Heart, Lung and Blood Institution Workshop definition:  

(3) Requirement for supplemental oxygen at 36 weeks post-menstrual age.  

13 

Pianosi 2000 [72] Canada 8 1986 - 1987 BPD was defined as a need for supplemental oxygen on the 28th postnatal 

day, for more than 21/28 of the first days of life, and compatible chest 

radiograph abnormalities at 28 post-natal days. 

11 

Praprotnik 2015 [73] Slovenia 8 2000 - 2002 The use of supplemental oxygen at 36 weeks of postmenstrual age 14 

Prenzel 2020 [74] Germany 12 1994 - 2002 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

14 



Ronkainen 2015 [75] Finland 11 1997 - 2003 BPD was defined as oxygen dependence for ≥ 28 days and it was severity-

graded by oxygen requirement at 36 weeks postmenstrual age 

15 

Ruf 2019 [76] Germany 10 1997 - 2001 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

14 

Santuz 1995 [77] Italy 8 1981 - 1987 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

11 

Siltanen 2004 [78] Finland 10 1987 - 1988 The diagnosis of chronic lung disease (CLD) was not used at that time, but a 

need for oxygen supplementation at 36 postconceptional weeks was 

recorded, referring to CLD. 

12 

Simpson 2017 [79] Australia 11 1997 - 2003 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

17 

Smith 2008 [80] Australia 11 1992 - 1994 Not defined 14 

Sorensen 2018 [81] Denmark 11 2002 - 2006 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

16 

Teig 2012 [82] Germany 11 1988 - 1991 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

15 

Thunqvist 2018 [83] Sweden 6 2004 - 2007 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

16 

Thunqvist 2016 [84] Sweden 16 1994 - 1996 Not defined (No BPD group) 15 

Turner 2011 [85] United 

Kingdom 

5 1997 – 1999 Not defined (No BPD group) Unable to 

score 

Um-Bergstrom 2018 

[86] 

Sweden 19 1992 - 1998 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

15 

Vanhaverbeke 2021 

[87] 

Belgium 15 1999 - 2002 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

15 



Vardar-Yagli 2015 [88] Turkey 9 Unknown The need for oxygen supplementation for at least 28 days and chronic 

changes on chest radiography (Bhandari 2011) 

7 

Vollsaeter 2015 [89] 

(1999-2000 cohort) 

Norway 11 1999 - 2000 Defined according to the National Institute of Child Health and Human 

Development consensus definition [14] 

17 

Vollsaeter 2013 [90] 

(1991-1992 cohort) 

Norway 10 1991 - 1992 A diagnosis of BPD was assigned if supplemental oxygen was required at 28 

postnatal days (mild BPD) or postmenstrual age ‚â•36 weeks 

(moderate/severe BPD) [14] 

16 

Vollsaeter 2013 [90] 

(1982-1985 cohort) 

Norway 18 1982 - 1985 Not defined (No BPD group) 17 

von Mutius 1993 [91] Germany 10 1989 - 1990 Not defined. 12 

Vrijlandt 2018 [92] The 

Netherlands 

14 2002 - 2003 Not defined (No BPD group) 14 

Vrijlandt 2006 [93] The 

Netherlands 

19 1983 - 1983 Bronchopulmonary dysplasia (BPD) was identified by the need for oxygen 

for more than 28 days and by chronic changes on the chest X-ray. 

14 

Wheeler 1984 [94] 
 

7 Unknown Not defined 7 

Winck 2016 [95] Brazil 10 2001 - 2005 Not defined (No BPD group) 15 

Yaacoby-Bianu 2019 

[96] 

Israel 8 2005 - 2010 Not defined (No BPD group) 12 

Yang 2020 [97] New 

Zealand 

28 1986 - 1986 Supplemental oxygen at 36 weeks postmenstrual age 17 

  



Supplementary Table 2 

 

 FEV1 FVC FEV1/FVC FEF 25-75 

Abreu 2007 [1] % Predicted - n, mean (SD) 

All Preterm: 23, 99.43 (12.61) 

-BPD: 13, 99 (12) 

-No BPD: 10, 100 (14) 

Term: 17, 102 (15) 

   

Anand 2003 [2] % Predicted - n, mean (SD) 

All Preterm: 128, 94.9 (13.8) 

Term: 128, 96.5 (10.8) 

% Predicted - n, mean (SD) 

All Preterm: 128, 109.5 (14.6) 

Term: 128, 106 (12.2) 

% - n, mean (SD) 

All Preterm: 128, 87 (9.04) 

Term: 128, 90.8 (6.4) 

% Predicted - n, mean (SD) 

All Preterm: 128, 88.1 (25.6) 

Term: 128, 100.5 (20) 

Arigliani 2020 [3] Z-score - n, mean (SD) 

All Preterm: 47, -0.41 (1.13) 

-BPD: 17, -1.18 (0.85) 

-No BPD: 30, 0.02 (1.05) 

Term: 60, 0.26 (0.83) 

Z-score - n, mean (SD) 

All Preterm: 47, -0.31 (1) 

-BPD: 17, -0.98 (0.71) 

-No BPD: 30, 0.07 (0.95) 

Term: 60, 0.16 (0.76) 

Z-score - n, mean (SD) 

All Preterm: 47, -0.18 (1.05) 

-BPD: 17, -0.41 (0.92) 

-No BPD: 30, -0.04 (1.11) 

Term: 60, 0.09 (0.64) 

 

Bader 1987 [4] % Predicted - n, mean (SD) 

All Preterm: 10, 73 (19) 

-BPD: 10, 73 (19) 

Term: 8, 93 (12.6) 

  
% Predicted - n, mean (SD) 

All Preterm: 10, 55 (28.4) 

-BPD: 10, 55 (28.4) 

Term: 8, 55 (28.4) 

Baraldi 2005 [5] % Predicted - n, mean (SD) 

All Preterm: 62, 84.05 (15.49) 

-BPD: 31, 77.8 (12.81) 

-No BPD: 31, 90.3 (15.59) 

Term: 31, 100.1 (12.81) 

% Predicted - n, mean (SD) 

All Preterm: 62, 91.05 (14) 

-BPD: 31, 85.9 (13.92) 

-No BPD: 31, 96.2 (12.25) 

Term: 31, 101.7 (13.92) 

% - n, mean (SD) 

All Preterm: 62, 83.05 (23.25) 

-BPD: 31, 81.8 (11.14) 

-No BPD: 31, 84.3 (31.18) 

Term: 31, 89.4 (5.57) 

% Predicted - n, mean (SD) 

All Preterm: 62, 73.45 (28.54) 

-BPD: 31, 63.9 (22.27) 

-No BPD: 31, 83 (31.18) 

Term: 31, 110.9 (28.4) 



Barker 2003 [6] % Predicted - n, mean (SD) 

All Preterm: 26, 95.5 (15.28) 

-BPD: 13, 90 (14) 

-No BPD: 13, 101 (15) 

Term: 13, 106 (11) 

% Predicted - n, mean (SD) 

All Preterm: 26, 87.5 (13.57) 

-BPD: 13, 83 (12) 

-No BPD: 13, 92 (14) 

Term: 13, 97 (6) 

  

Bertrand 1985 [7] % Predicted - n, mean (SD) 

All Preterm: 22, 76 (13.74) 

Term: 22, 84 (10.46) 

   

Bozzetto 2016 [8] Z-score - n, mean (SD) 

All Preterm: 27, -2 (1.4) 

-BPD: 27, -2 (1.4) 

Term: 27, 0.69 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 27, -1.29 (1.23) 

-BPD: 27, -1.29 (1.23) 

Term: 27, 0.33 (1.07) 

Z-score - n, mean (SD) 

All Preterm: 27, -1.35 (1.4) 

-BPD: 27, -1.35 (1.4) 

Term: 27, 0.6 (1) 

Z-score - n, mean (SD) 

All Preterm: 27, -2.12 (1.45) 

-BPD: 27, -2.12 (1.45) 

Term: 27, 0.66 (0.96) 

Brostrom 2010 [9] % Predicted - n, mean (SD) 

All Preterm: 60, 85.94 (13.13) 

-BPD: 32, 78.18 (11.19) 

-No BPD: 28, 94.81 (8.95) 

% Predicted - n, mean (SD) 

All Preterm: 60, 91.16 (14.49) 

-BPD: 32, 83.98 (12.07) 

-No BPD: 28, 99.36 (12.68) 

% - n, mean (SD) 

All Preterm: 4, 77.76 (8.58) 

-BPD: 4, 77.76 (8.58) 

L - n, mean (SD) 

All Preterm: 60, 77.39 (25) 

-BPD: 32, 65.77 (23.57) 

-No BPD: 28, 90.65 (19.63) 

Burns 2009 [11] % Predicted - n, mean (SD) 

All Preterm: 53, 88.98 (13.47) 

Term: 51, 97.73 (10.89) 

% Predicted - n, mean (SD) 

All Preterm: 53, 96.96 (12.48) 

Term: 51, 98.88 (11.02) 

% Predicted - n, mean (SD) 

All Preterm: 53, 93.26 (7.84) 

Term: 51, 101.55 (6.05) 

 

Bui 2022 [10] Z-score - n, mean (SD) 

All preterm: 218, -0.16 (1.1) 

Term: 1227, -0.05 (2.6) 

 % - n, mean (SD) 

All preterm: 218, 0.76 (0.07) 

Term: 1227, 0.77 (0.06) 

 



Cazzato 2013 [12] Z-score - n, mean (SD) 

All Preterm: 48, -1.13 (1.13) 

-BPD: 22, -1.37 (0.77) 

-No BPD: 26, -0.93 (1.33) 

Term: 46, 0.18 (0.89) 

Z-score - n, mean (SD) 

All Preterm: 48, -1.24 (1.14) 

-BPD: 22, -1.46 (0.93) 

-No BPD: 26, -1.06 (1.26) 

Term: 46, 0.11 (1.08) 

Z-score - n, mean (SD) 

All Preterm: 48, 0.15 (1.14) 

-BPD: 22, 0.12 (1.23) 

-No BPD: 26, 0.16 (1.07) 

Term: 46, 0.03 (0.78) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.72 (1.2) 

-BPD: 22, -0.97 (1.05) 

-No BPD: 26, -0.53 (1.29) 

Term: 46, 0.15 (0.8) 

Chang 2020 [13] Z-score - n, mean (SD) 

All Preterm: 85, -0.73 (1.12) 

-BPD: 55, -0.96 (1.08) 

-No BPD: 30, -0.31 (1.1) 

Term: 29, 0.04 (1.18) 

Z-score - n, mean (SD) 

All Preterm: 85, -0.6 (1.2) 

-BPD: 55, -0.78 (1.23) 

-No BPD: 30, -0.29 (1.1) 

Term: 29, -0.12 (1.14) 

Z-score - n, mean (SD) 

All Preterm: 85, -0.22 (0.16) 

-BPD: 55, -0.32 (1.29) 

-No BPD: 30, -0.07 (0.84) 

Term: 29, 0.39 (0.85) 

Z-score - n, mean (SD) 

All Preterm: 85, -0.93 (1.14) 

-BPD: 55, -1.18 (1.14) 

-No BPD: 30, -0.46 (1.01) 

Term: 29, 0 (1.23) 

Choukroun 2013 [15] % Predicted - n, mean (SD) 

All Preterm: 151, 96.9 (13.4) 

-BPD: 55, 94.91 (13.88) 

-No BPD: 96, 98.1 (13) 

% Predicted - n, mean (SD) 

All Preterm: 151, 93.9 (13.3) 

-BPD: 55, 92.73 (14.24) 

-No BPD: 96, 94.6 (12.7) 

% Predicted - n, mean (SD) 

All Preterm: 151, 98.6 (8) 

-BPD: 55, 97.51 (10.06) 

-No BPD: 96, 99.3 (6.7) 

% Predicted - n, mean (SD) 

All Preterm: 151, 82.8 (19.8) 

-BPD: 55, 81.35 (20.95) 

-No BPD: 96, 83.7 (19.2) 

de Kleine 1990 [16] % Predicted - n, mean (SD) 

All Preterm: 76, 87.83 (17.32) 

-BPD: 11, 73 (17) 

-No BPD: 65, 90.34 (16.2) 

Term: 39, 95 (12) 

   

Debevec 2019 [17] L - n, mean (SD) 

All Preterm: 21, 4.3 (0.6) 

Term: 14, 4.7 (0.8) 

L - n, mean (SD) 

All Preterm: 21, 5.1 (0.6) 

Term: 14, 5.5 (0.8) 

% - n, mean (SD) 

All Preterm: 21, 85 (6) 

Term: 14, 86 (7) 

 

Devakumar 2015 [18] Z-score - n, mean (SD) 

All Preterm: 48, -1.22 (0.84) 

Term: 697, -1.12 (0.79) 

Z-score - n, mean (SD) 

All Preterm: 48, -1.15 (0.83) 

Term: 697, -1.04 (0.81) 

 
Z-score - n, mean (SD) 

All Preterm: 48, -0.59 (0.82) 

Term: 697, -0.46 (0.99) 



Di Filippo 2021 [19] Z-score - n, mean (SD) 

All Preterm: 55, 0.5 (1.3) 

-BPD: 5, 0.1 (1.1) 

-No BPD: 50, 0.6 (1.3) 

Term: 55, 0.7 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 55, 0.2 (1.2) 

-BPD: 5, -0.1 (1.1) 

-No BPD: 50, 0.2 (1.2) 

Term: 55, 0.2 (0.6) 

Z-score - n, mean (SD) 

All Preterm: 55, 0.6 (1) 

-BPD: 5, 0.4 (0.6) 

-No BPD: 50, 0.6 (1.1) 

Term: 55, 0.7 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 55, 0.3 (0.9) 

-BPD: 5, -0.1 (0.5) 

-No BPD: 50, 0.3 (0.9) 

Term: 55, 0.5 (0.7) 

Doyle 2017 [98] 

(1997 cohort) 

Z-score - n, mean (SD) 

All Preterm: 150, -0.72 (1.2) 

-BPD: 56, -1.19 (1.25) 

-No BPD: 94, -0.43 (1.09) 

Term: 149, 0.19 (1.22) 

Z-score - n, mean (SD) 

All Preterm: 150, -0.52 (1.18) 

-BPD: 56, -1.02 (1.26) 

-No BPD: 94, -0.23 (1.02) 

Term: 149, 0.12 (1.17) 

Z-score - n, mean (SD) 

All Preterm: 150, -0.29 (1.29) 

-BPD: 56, -0.31 (1.39) 

-No BPD: 94, -0.29 (1.24) 

Term: 149, 0.01 (1.27) 

Z-score - n, mean (SD) 

All Preterm: 150, -1.34 (1.09) 

-BPD: 56, -1.7 (1.11) 

-No BPD: 94, -1.12 (1.03) 

Term: 149, -0.38 (1.12) 

Doyle 2001 [21] 

(1977-1982 cohort) 

% Predicted - n, mean (SD) 

All Preterm: 169, 94.81 (14.45) 

-BPD: 39, 88.5 (18.2) 

-No BPD: 130, 96.7 (12.6) 

Term: 39, 104.6 (13.2) 

% Predicted - n, mean (SD) 

All Preterm: 169, 100.66 (12.62) 

-BPD: 39, 98.2 (14.4) 

-No BPD: 130, 101.4 (12) 

Term: 39, 104.8 (12) 

% - n, mean (SD) 

All Preterm: 169, 82.91 (9.64) 

-BPD: 39, 78.6 (11.1) 

-No BPD: 130, 84.2 (8.8) 

Term: 39, 87 (7) 

 

Doyle 2006 [22] 

(1991-1992 cohort) 

% Predicted - n, mean (SD) 

All Preterm: 480, 84.89 (12.67) 

-BPD: 89, 81.1 (13.7) 

-No BPD: 151, 87.1 (11.5) 

Term: 208, 97.9 (11.8) 

% Predicted - n, mean (SD) 

All Preterm: 480, 86.1 (14.07) 

-BPD: 89, 82.9 (15.4) 

-No BPD: 151, 88 (12.9) 

Term: 208, 95.2 (12.6) 

% Predicted - n, mean (SD) 

All Preterm: 480, 88.4 (9.16) 

-BPD: 89, 87.9 (9.4) 

-No BPD: 151, 88.7 (9) 

Term: 208, 91.4 (6.6) 

% Predicted - n, mean (SD) 

All Preterm: 480, 65.16 (21.69) 

-BPD: 89, 60.4 (20.3) 

-No BPD: 151, 67.9 (22.1) 

Term: 208, 85.6 (20.2) 

Durlak 2021[23] Z-score - n, mean (SD) 

All Preterm: 28, -0.55 (1.27) 

-BPD: 6, -1.15 (1.12) 

-No BPD: 22, -0.39 (1.28) 

Term: 30, -0.06 (0.85) 

Z-score - n, mean (SD) 

All Preterm: 19, -0.07 (1.39) 

-BPD: 4, -0.63 (0.95) 

-No BPD: 15, 0.08 (1.47) 

Term: 30, -0.11 (0.87) 

  



Evensen 2009 [24] % Predicted - n, mean (SD) 

All Preterm: 37, 85.2 (10.95) 

Term: 63, 98.1 (11.11) 

   

Fawke 2010 [25] Z-score - n, mean (SD) 

All Preterm: 182, -1.4 (1.2) 

-BPD: 129, -1.7 (1.1) 

-No BPD: 53, -0.8 (1.3) 

Term: 161, 0 (1) 

Z-score - n, mean (SD) 

All Preterm: 182, -0.7 (1.2) 

-BPD: 129, -0.8 (1.2) 

-No BPD: 53, -0.3 (1.2) 

Term: 161, 0.1 (1.1) 

Z-score - n, mean (SD) 

All Preterm: 182, -1.3 (1.3) 

-BPD: 129, -1.4 (1.3) 

-No BPD: 53, -0.9 (1.3) 

Term: 161, -0.2 (1) 

% Predicted - n, mean (SD) 

All Preterm: 182, -2 (1.3) 

-BPD: 129, -2.2 (1.2) 

-No BPD: 53, -1.5 (1.4) 

Term: 161, -0.5 (1.1) 

Flahault 2020 [26] Z-score - n, mean (SD) 

All Preterm: 101, -0.83 (1.02) 

Term: 105, -0.02 (0.89) 

Z-score - n, mean (SD) 

All Preterm: 101, -0.09 (0.99) 

Term: 105, 0.22 (0.92) 

Z-score - n, mean (SD) 

All Preterm: 101, -1.08 (1.27) 

Term: 105, -0.35 (0.87) 

 

Fortuna 2016 [27] Z-score - n, mean (SD) 

All Preterm: 48, -0.94 (1.04) 

-BPD: 28, -1.27 (1.07) 

-No BPD: 20, -0.47 (0.82) 

Term: 27, 0.5 (0.8) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.72 (1.01) 

-BPD: 28, -1.03 (1.08) 

-No BPD: 20, -0.28 (0.73) 

Term: 27, 0.18 (0.93) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.4 (0.97) 

-BPD: 28, -0.4 (0.95) 

-No BPD: 20, -0.39 (1.02) 

Term: 27, 0.57 (0.85) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.85 (1) 

-BPD: 28, -1.17 (0.9) 

-No BPD: 20, -0.41 (0.99) 

Term: 27, 0.46 (0.78) 

Gaffin 2020 [28] % Predicted - n, mean (SD) 

All Preterm: 47, 98.5 (17.3) 

Term: 250, 102.1 (18.5) 

% Predicted - n, mean (SD) 

All Preterm: 47, 95.3 (18.1) 

Term: 250, 101.5 (17) 

% - n, mean (SD) 

All Preterm: 47, 88 (7) 

Term: 250, 87 (7) 

 

Galdes-Sebaldt 1989 [29] % Predicted - n, mean (SD) 

All Preterm: 30, 82.37 (7.91) 

Term: 27, 92 (5.2) 

  
% Predicted - n, mean (SD) 

All Preterm: 30, 84.98 (19.75) 

Term: 27, 104 (15.59) 



Giacoia 1997 [30] % Predicted - n, mean (SD) 

All Preterm: 24, 79.3 (9.07) 

-BPD: 12, 72.7 (6.1) 

-No BPD: 12, 85.9 (6.3) 

Term: 12, 97.2 (4.6) 

  
% Predicted - n, mean (SD) 

All Preterm: 24, 57.88 (11.89) 

-BPD: 12, 49.5 (6) 

-No BPD: 12, 66.27 (10.3) 

Term: 12, 88.5 (7.1) 

Gonçalves 2016 [31] Z-score - n, mean (SD) 

All Preterm: 43, -0.29 (1.12) 

-BPD: 12, -0.42 (1.52) 

-No BPD: 31, -0.24 (0.96) 

Z-score - n, mean (SD) 

All Preterm: 43, -0.17 (0.96) 

-BPD: 12, -0.03 (1.39) 

-No BPD: 31, -0.23 (0.76) 

Z-score - n, mean (SD) 

All Preterm: 43, -0.23 (0.95) 

-BPD: 12, -0.72 (0.8) 

-No BPD: 31, -0.05 (0.96) 

Z-score - n, mean (SD) 

All Preterm: 43, -0.63 (1.07) 

-BPD: 12, -0.99 (1.1) 

-No BPD: 31, -0.49 (1.04) 

Gough 2013 [32] Z-score - n, mean (SD) 

All Preterm: 96, -0.9 (1.35) 

-BPD: 56, -1.41 (1.25) 

-No BPD: 40, -0.19 (1.16) 

Term: 55, 0.14 (0.96) 

Z-score - n, mean (SD) 

All Preterm: 96, -0.39 (1.17) 

-BPD: 56, -0.79 (1.14) 

-No BPD: 40, 0.17 (0.98) 

Term: 55, 0.12 (0.94) 

Z-score - n, mean (SD) 

All Preterm: 96, -0.45 (0.84) 

-BPD: 56, -0.68 (0.22) 

-No BPD: 40, -0.13 (1.22) 

Term: 55, 0.34 (0.89) 

Z-score - n, mean (SD) 

All Preterm: 96, -1.52 (1.11) 

-BPD: 56, -1.8 (1.1) 

-No BPD: 40, -1.13 (1.02) 

Term: 55, -0.56 (1.45) 

Gross 1998 [33] % Predicted - n, mean (SD) 

All Preterm: 96, 91.28 (19.01) 

-BPD: 43, 83 (17) 

-No BPD: 53, 98 (18) 

Term: 108, 97 (12) 

% Predicted - n, mean (SD) 

All Preterm: 96, 99.07 (16.33) 

-BPD: 43, 93 (16) 

-No BPD: 53, 104 (15) 

Term: 108, 103 (11) 

 
% Predicted - n, mean (SD) 

All Preterm: 96, 75.94 (27.1) 

-BPD: 43, 66 (24) 

-No BPD: 53, 84 (27) 

Term: 108, 88 (21) 

Guimaraes 2011 [34] % Predicted - n, mean (SD) 

All Preterm: 77, 86.87 (15.99) 

-BPD: 13, 78.63 (11.96) 

-No BPD: 64, 88.55 (16.26) 

% Predicted - n, mean (SD) 

All Preterm: 77, 89.71 (13.52) 

-BPD: 13, 86.71 (15.84) 

-No BPD: 64, 90.32 (13.05) 

 
% Predicted - n, mean (SD) 

All Preterm: 77, 98.12 (44.22) 

-BPD: 13, 91.06 (29.89) 

-No BPD: 64, 99.55 (46.65) 



Hadchouel 2018 [35] Z-score - n, mean (SD) 

All Preterm: 274, -0.6 (1.3) 

-BPD: 49, -1.4 (1.2) 

-No BPD: 225, -0.4 (1.2) 

Term: 44, -0.1 (1) 

Z-score - n, mean (SD) 

All Preterm: 274, -0.3 (1.2) 

-BPD: 49, -1.1 (1.4) 

-No BPD: 225, -0.2 (1.1) 

Term: 44, -0.2 (0.8) 

Z-score - n, mean (SD) 

All Preterm: 274, -0.3 (1.3) 

-BPD: 49, -0.6 (1.4) 

-No BPD: 225, -0.2 (1.3) 

Term: 44, 0.2 (1.2) 

Z-score - n, mean (SD) 

All Preterm: 274, -0.6 (1.2) 

-BPD: 49, -1.4 (1.2) 

-No BPD: 225, -0.4 (1.2) 

Term: 44, 0 (1.2) 

Hagman 2021[36] % Predicted - n, mean (SD) 

All Preterm: 52, 

92.513603396861 

(11.069997342822) 

-BPD: 23, 92.38 (12.44) 

-No BPD: 29, 92.61 (12.09) 

% Predicted - n, mean (SD) 

All Preterm: 52, 

98.0856005661435 

(11.2913972896784) 

-BPD: 23, 99.97 (11.15) 

-No BPD: 29, 96.03 (9.87) 

% - n, mean (SD) 

All Preterm: 52, 80 (9.75) 

-BPD: 23, 79 (8.25) 

-No BPD: 29, 82 (8.25) 

% Predicted - n, mean (SD) 

All Preterm: 52, 

72.054413587444 

(21.2543948982182) 

-BPD: 23, 67.9 (21.52) 

-No BPD: 29, 77.7 (23.2) 

Hakulinen 1996 [37] % Predicted - n, mean (SD) 

All Preterm: 31, 88.24 (15.98) 

-BPD: 20, 87.7 (11.24) 

-No BPD: 11, 89.22 (22.91) 

Term: 20, 100.34 (8.3) 

% Predicted - n, mean (SD) 

All Preterm: 31, 93.7 (14.04) 

-BPD: 20, 92.1 (9.39) 

-No BPD: 11, 96.6 (20.23) 

Term: 20, 98.6 (9.84) 

% Predicted - n, mean (SD) 

All Preterm: 31, 95.29 (7.72) 

-BPD: 20, 95.5 (7.6) 

-No BPD: 11, 94.9 (8.29) 

Term: 20, 102.9 (6.71) 

 

Halvorsen 2005 [38] 

(1982-1985 cohort) 

% Predicted - n, mean (SD) 

All Preterm: 46, 95.18 (13.74) 

-BPD: 36, 93.33 (13.11) 

-No BPD: 10, 101.8 (14.6) 

Term: 46, 108.1 (13.8) 

% Predicted - n, mean (SD) 

All Preterm: 46, 105.48 (17.87) 

-BPD: 36, 102.53 (16.43) 

-No BPD: 10, 116.1 (19.7) 

Term: 46, 111.1 (14.9) 

  

Halvorsen 2005 [38] 

(1991-2 Cohort) 

% Predicted - n, mean (SD) 

All Preterm: 35, 79.2 (9.1) 

Term: 35, 87 (8.7) 

% Predicted - n, mean (SD) 

All Preterm: 35, 87.5 (9.1) 

Term: 35, 92.2 (8) 

  



Hamon 2013 [39] Z-score - n, mean (SD) 

All Preterm: 42, 0.18 (1.05) 

Term: 27, 0.68 (0.81) 

Z-score - n, mean (SD) 

All Preterm: 42, 0.31 (1.04) 

Term: 27, 0.41 (0.71) 

Z-score - n, mean (SD) 

All Preterm: 42, -0.12 (1.36) 

Term: 27, 0.47 (0.81) 

 

Hart 2021[40] % Predicted - n, mean (SD) 

All Preterm: 544, 91.16 (12.54) 

Term: 195, 95.7 (9.97) 

% Predicted - n, mean (SD) 

All Preterm: 544, 94.31 (11.49) 

Term: 195, 96.2 (10.33) 

Ratio - n, mean (SD) 

All Preterm: 544, 0.84 (0.07) 

Term: 195, 0.87 (0.07) 

% Predicted - n, mean (SD) 

All Preterm: 544, 77 (20.57) 

Term: 195, 86.4 (19.59) 

Hirata 2015 [41] % Predicted - n, mean (SD) 

All Preterm: 183, 86.24 (15.36) 

-BPD: 143, 85.11 (15.14) 

-No BPD: 40, 90.27 (15.67) 

% Predicted - n, mean (SD) 

All Preterm: 201, 

90.4050736113272 

(15.0561713675352) 

-BPD: 161, 90.49 (13.75) 

-No BPD: 40, 92.85 (15.37) 

% Predicted - n, mean (SD) 

All Preterm: 18, 78.1 (12.3) 

-BPD: 18, 78.1 (12.3) 

 

Jacob 1998 [42] % Predicted - n, mean (SD) 

All Preterm: 30, 74.35 (19.51) 

-BPD: 15, 63.6 (20.6) 

-No BPD: 15, 85.1 (10.8) 

Term: 13, 94.3 (8.3) 

% Predicted - n, mean (SD) 

All Preterm: 30, 88.4 (14.91) 

-BPD: 15, 83.1 (18.2) 

-No BPD: 15, 93.7 (8.3) 

Term: 13, 99.1 (9.4) 

% - n, mean (SD) 

All Preterm: 30, 76.65 (11.19) 

-BPD: 15, 69.2 (9) 

-No BPD: 15, 84.1 (7.7) 

% Predicted - n, mean (SD) 

All Preterm: 30, 59.5 (30.33) 

-BPD: 15, 40.3 (24.5) 

-No BPD: 15, 78.7 (22.7) 

Joshi 2013 [43] % Predicted - n, mean (SD) 

All Preterm: 62, 87.28 (14.26) 

-BPD: 29, 81.9 (12.62) 

-No BPD: 33, 92 (14.1) 

Term: 30, 97.5 (11.25) 

% Predicted - n, mean (SD) 

All Preterm: 62, 99.91 (11.19) 

-BPD: 29, 98.9 (11.04) 

-No BPD: 33, 100.8 (11.42) 

Term: 30, 102 (12.85) 

 
% Predicted - n, mean (SD) 

All Preterm: 62, 59.85 (23.25) 

-BPD: 29, 49.2 (16.17) 

-No BPD: 33, 69.2 (24.68) 

Term: 30, 80 (17.14) 

Kaczmarczyk 2017 [44] Z-score - n, mean (SD) 

All Preterm: 12, -0.36 (1.23) 

Z-score - n, mean (SD) 

All Preterm: 12, -0.13 (1.17) 

Z-score - n, mean (SD) 

All Preterm: 12, -0.39 (1.02) 

Z-score - n, mean (SD) 

All Preterm: 12, 0.11 (1.33) 



-No BPD: 12, -0.36 (1.23) 

Term: 27, 0.24 (1.08) 

-No BPD: 12, -0.13 (1.17) 

Term: 27, 0.29 (1.01) 

-No BPD: 12, -0.39 (1.02) 

Term: 27, -0.14 (0.82) 

-No BPD: 12, 0.11 (1.33) 

Term: 27, 0.66 (1.11) 

Kaplan 2012 [45] % Predicted - n, mean (SD) 

All Preterm: 53, 85 (10) 

-BPD: 28, 85 (11) 

-No BPD: 25, 85 (10) 

Term: 23, 94 (11) 

% Predicted - n, mean (SD) 

All Preterm: 53, 91 (10) 

-BPD: 28, 89 (11) 

-No BPD: 25, 93 (9) 

Term: 23, 93 (9) 

% Predicted - n, mean (SD) 

All Preterm: 53, 87 (9) 

-BPD: 28, 88 (10) 

-No BPD: 25, 85 (8) 

Term: 23, 93 (5) 

% Predicted - n, mean (SD) 

All Preterm: 53, 77 (26) 

-BPD: 28, 81 (28) 

-No BPD: 25, 73 (23) 

Term: 23, 99 (22) 

Karila 2008 [46] % Predicted - n, mean (SD) 

All Preterm: 20, 79.1 (19.3) 

-BPD: 20, 79.1 (19.3) 

Term: 18, 106.3 (11.3) 

% Predicted - n, mean (SD) 

All Preterm: 20, 89.8 (18.8) 

-BPD: 20, 89.8 (18.8) 

Term: 18, 101.7 (10.3) 

% Predicted - n, mean (SD) 

All Preterm: 20, 73.2 (16.3) 

-BPD: 20, 73.2 (16.3) 

Term: 18, 86.4 (4.1) 

 

Karnaushkina 2017 [47] % Predicted - n, mean (SD) 

All Preterm: 10, 79.4 (8.54) 

Term: 9, 91.2 (13.8) 

  
% Predicted - n, mean (SD) 

All Preterm: 10, 70.1 (16.44) 

Term: 9, 83.8 (13.8) 

Kennedy 2000 [48] % Predicted - n, mean (SD) 

All Preterm: 102, 91 (14.9) 

-BPD: 26, 78.4 (17) 

-No BPD: 76, 95.4 (11.4) 

Term: 82, 102.1 (10.2) 

% Predicted - n, mean (SD) 

All Preterm: 102, 99.1 (10.6) 

-BPD: 26, 92.8 (11.5) 

-No BPD: 76, 101.2 (9.5) 

Term: 82, 104.2 (9.6) 

 
% Predicted - n, mean (SD) 

All Preterm: 102, 70.1 (25.7) 

-BPD: 26, 54.5 (29.2) 

-No BPD: 76, 75.5 (22.1) 

Term: 82, 90.7 (21.8) 

Kilbride 2012 [49] % Predicted - n, mean (SD) 

All Preterm: 30, 100.6 (16.24) 

Term: 9, 107 (13) 

  
% Predicted - n, mean (SD) 

All Preterm: 30, 93 (26.8) 

Term: 9, 103 (25) 



Kilbride 2003 [50] % Predicted - n, mean (SD) 

All Preterm: 50, 85 (14) 

-BPD: 16, 72 (15) 

-No BPD: 34, 89 (13) 

Term: 25, 91 (9) 

% Predicted - n, mean (SD) 

All Preterm: 50, 93 (14) 

-BPD: 16, 90 (16) 

-No BPD: 34, 94 (14) 

Term: 25, 96 (11) 

% Predicted - n, mean (SD) 

All Preterm: 50, 86 (8) 

-BPD: 16, 81 (8) 

-No BPD: 34, 89 (6) 

Term: 25, 89 (5) 

% Predicted - n, mean (SD) 

All Preterm: 50, 84 (25) 

-BPD: 16, 67 (22) 

-No BPD: 34, 92 (22) 

Term: 25, 100 (17) 

Konefal 2010 % Predicted - n, mean (SD) 

All Preterm: 31, 95.07 (17.54) 

Term: 19, 96.2 (20.2) 

   

Konefal 2013 [51] % Predicted - n, mean (SD) 

All Preterm: 58, 89 (20.24) 

Term: 90, 98.3 (14.04) 

% Predicted - n, mean (SD) 

All Preterm: 58, 79.7 (15.58) 

Term: 90, 87.5 (12.24) 

  

Korhonen 2004 [52] % Predicted - n, mean (SD) 

All Preterm: 60, 92.58 (14.11) 

-BPD: 29, 90 (14) 

-No BPD: 31, 95 (14) 

Term: 33, 99 (11) 

% Predicted - n, mean (SD) 

All Preterm: 60, 99.03 (15.9) 

-BPD: 29, 98 (16) 

-No BPD: 31, 100 (16) 

Term: 33, 102 (8) 

% Predicted - n, mean (SD) 

All Preterm: 60, 89.55 (9.57) 

-BPD: 29, 88 (9) 

-No BPD: 31, 91 (10) 

Term: 33, 92 (7) 

 

Kotecha 2012 [99] Z-score - n, mean (SD) 

All Preterm: 382, -0.18 (0.97) 

Term: 6144, 0.01 (1) 

Z-score - n, mean (SD) 

All Preterm: 382, -0.09 (0.98) 

Term: 6144, 0 (1) 

Z-score - n, mean (SD) 

All Preterm: 382, -0.12 (1.03) 

Term: 6144, 0.01 (1) 

Z-score - n, mean (SD) 

All Preterm: 382, -0.19 (0.96) 

Term: 6144, 0.01 (1) 

Kulasekaran 2007 [53] % Predicted - n, mean (SD) 

All Preterm: 91, 84.72 (13.19) 

-BPD: 47, 82.3 (13.9) 

-No BPD: 44, 87.3 (12) 

% Predicted - n, mean (SD) 

All Preterm: 91, 90.34 (12.75) 

-BPD: 47, 88.7 (13.5) 

-No BPD: 44, 92.1 (11.8) 

% Predicted - n, mean (SD) 

All Preterm: 91, 85.26 (7.72) 

-BPD: 47, 84 (9.1) 

-No BPD: 44, 86.6 (5.7) 

% Predicted - n, mean (SD) 

All Preterm: 91, 75.42 (23.36) 

-BPD: 47, 70.1 (24.8) 

-No BPD: 44, 81.1 (20.5) 



Kung 2021 [54] mL - n, mean (SD) 

All Preterm: 8, 1561.2 (248.8) 

Term: 157, 1685.5 (242.7) 

mL - n, mean (SD) 

All Preterm: 8, 1708.8 (283.9) 

Term: 157, 1842.2 (294.5) 

% - n, mean (SD) 

All Preterm: 8, 91.6 (5) 

Term: 157, 91.9 (5.9) 

 

Kwinta 2013 [55] % Predicted - n, mean (SD) 

All Preterm: 22, 81.3 (13) 

Term: 20, 95.8 (8) 

Z-score - n, mean (SD) 

All Preterm: 22, 79 (13) 

Term: 20, 89 (7) 

  

Landry 2016 [56] % Predicted - n, mean (SD) 

All Preterm: 88, 89.07 (16.21) 

-BPD: 31, 80 (18) 

-No BPD: 57, 94 (12.83) 

Term: 35, 98 (9) 

% Predicted - n, mean (SD) 

All Preterm: 88, 100.83 (12.9) 

-BPD: 31, 100 (15) 

-No BPD: 57, 101.28 (11.71) 

Term: 35, 109 (10) 

% Predicted - n, mean (SD) 

All Preterm: 88, 76.53 (10.76) 

-BPD: 31, 70 (12) 

-No BPD: 57, 80.09 (8.14) 

Term: 35, 79 (7) 

% Predicted - n, mean (SD) 

All Preterm: 88, 82.66 (25.91) 

-BPD: 31, 68 (26) 

-No BPD: 57, 90.63 (22.3) 

Term: 35, 96 (18) 

MacLean 2016 [57] Z-score - n, mean (SD) 

All Preterm: 100, -0.7 (1.24) 

-BPD: 47, -0.92 (1.36) 

Term: 64, 0.09 (1.01) 

Z-score - n, mean (SD) 

All Preterm: 100, -0.21 (1.57) 

-BPD: 47, -0.85 (1.67) 

Term: 64, 0.47 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 100, -1.22 (1.18) 

-BPD: 47, -1.14 (1.5) 

Term: 64, -0.57 (1.14) 

Z-score - n, mean (SD) 

All Preterm: 100, -1.44 (1.05) 

-BPD: 47, -1.6 (1.22) 

Term: 64, -0.48 (1.12) 

Mai 2003 [58] % Predicted - n, mean (SD) 

All Preterm: 72, 92 (12) 

Term: 62, 95 (10) 

% Predicted - n, mean (SD) 

All Preterm: 72, 84 (13) 

Term: 62, 87 (10) 

  

Mieskonen 2002 [59] % Predicted - n, mean (SD) 

All Preterm: 40, 84.1 (14.3) 

-BPD: 9, 73.5 (12) 

-No BPD: 18, 89.8 (13) 

Term: 14, 101.7 (8.4) 

% Predicted - n, mean (SD) 

All Preterm: 40, 90.2 (11.2) 

-BPD: 9, 84.9 (10) 

-No BPD: 18, 94 (9.2) 

Term: 14, 104.5 (10.9) 

  



Mitchell 1998 [60] % Predicted - n, mean (SD) 

All Preterm: 20, 81.5 (18.12) 

-BPD: 10, 78 (21) 

-No BPD: 10, 85 (15) 

Term: 10, 91 (14) 

% Predicted - n, mean (SD) 

All Preterm: 20, 92.5 (15.68) 

-BPD: 10, 90 (19) 

-No BPD: 10, 95 (12) 

Term: 10, 93 (15) 

% - n, mean (SD) 

All Preterm: 20, 78.5 (9.1) 

-BPD: 10, 77 (11) 

-No BPD: 10, 80 (7) 

Term: 10, 88 (5) 

% Predicted - n, mean (SD) 

All Preterm: 20, 70 (30.91) 

-BPD: 10, 45 (22) 

-No BPD: 10, 95 (12) 

Term: 10, 87 (24) 

Molgat-Seon 2019 [61] Z-score - n, mean (SD) 

All Preterm: 39, -1.26 (1.26) 

-BPD: 25, -1.61 (1.3) 

-No BPD: 19, -0.9 (1.13) 

Term: 20, -0.13 (0.75) 

Z-score - n, mean (SD) 

All Preterm: 39, -0.36 (1.01) 

-BPD: 25, -0.54 (1.07) 

-No BPD: 19, -0.17 (0.92) 

Term: 20, 0.34 (0.8) 

Z-score - n, mean (SD) 

All Preterm: 39, -1.37 (1.1) 

-BPD: 25, -1.62 (1.16) 

-No BPD: 19, -1.11 (1) 

Term: 20, -0.76 (0.8) 

Z-score - n, mean (SD) 

All Preterm: 39, -1.65 (1.19) 

-BPD: 25, -1.96 (1.25) 

-No BPD: 19, -1.33 (1.05) 

Term: 20, -0.46 (0.75) 

Morata-Alba 2019 [62] % Predicted - n, mean (SD) 

All Preterm: 116, 90.2 (13.9) 

-No BPD: 116, 90.2 (13.9) 

Term: 116, 96 (13) 

% Predicted - n, mean (SD) 

All Preterm: 116, 85.3 (16.6) 

-No BPD: 116, 85.3 (16.6) 

Term: 116, 88.3 (14.7) 

% Predicted - n, mean (SD) 

All Preterm: 116, 108.4 (8.3) 

-No BPD: 116, 108.4 (8.3) 

Term: 116, 112.3 (6.7) 

 

Morris 2018 [63] Z-score - n, mean (SD) 

All Preterm: 59, -1.03 (1.42) 

-BPD: 34, -1.41 (1.44) 

-No BPD: 25, -0.52 (1.23) 

Z-score - n, mean (SD) 

All Preterm: 59, -0.26 (1.46) 

-BPD: 34, -0.54 (1.36) 

-No BPD: 25, 0.13 (1.53) 

 
Z-score - n, mean (SD) 

All Preterm: 59, -1.55 (1.26) 

-BPD: 34, -1.88 (1.42) 

-No BPD: 25, -1.1 (0.84) 

Morsing 2011 [64] Z-score - n, mean (SD) 

All Preterm: 62, -0.81 (1.06) 

Term: 31, -0.15 (1.21) 

Z-score - n, mean (SD) 

All Preterm: 62, -0.44 (1.38) 

Term: 31, 0.01 (0.98) 

Z-score - n, mean (SD) 

All Preterm: 62, -0.93 (1.24) 

Term: 31, -0.17 (1.2) 

Z-score - n, mean (SD) 

All Preterm: 62, -1.45 (1.07) 

Term: 31, -0.4 (1.2) 

Narayanan 2013 [65] Z-score - n, mean (SD) 

All Preterm: 58, -0.17 (1.08) 

-BPD: 18, -0.51 (0.98) 

Z-score - n, mean (SD) 

All Preterm: 58, -0.05 (1) 

-BPD: 18, -0.28 (1.09) 

  



-No BPD: 40, -0.01 (1.1) 

Term: 61, 0.15 (0.91) 

-No BPD: 40, 0.06 (0.95) 

Term: 61, 0.04 (1.02) 

Nasanen-Gilmore 2018 [66] Z-score - n, mean (SD) 

All Preterm: 378, -0.22 (1.02) 

Term: 341, 0.02 (0.93) 

Z-score - n, mean (SD) 

All Preterm: 378, 0.05 (0.91) 

Term: 341, 0.14 (0.85) 

Z-score - n, mean (SD) 

All Preterm: 378, -0.44 (0.98) 

Term: 341, -0.23 (0.84) 

Z-score - n, mean (SD) 

All Preterm: 378, 0.37 (2.44) 

Term: 341, 0.95 (2.3) 

Northway 1990 [67] % Predicted - n, mean (SD) 

All Preterm: 51, 85.91 (16.55) 

-BPD: 25, 74.8 (14.5) 

-No BPD: 26, 96.6 (10.2) 

Term: 53, 100.4 (10.92) 

% Predicted - n, mean (SD) 

All Preterm: 51, 100.98 (14.05) 

-BPD: 25, 96.8 (16) 

-No BPD: 26, 105 (10.71) 

Term: 53, 105.4 (12.38) 

 
% Predicted - n, mean (SD) 

All Preterm: 51, 63.63 (26.36) 

-BPD: 25, 46.5 (18) 

-No BPD: 26, 80.1 (22.44) 

Term: 53, 87.8 (19.66) 

Odberg 2010 [68] % Predicted - n, mean (SD) 

All Preterm: 134, 106.8 (13.5) 

Term: 135, 110.2 (14.2) 

% Predicted - n, mean (SD) 

All Preterm: 134, 115.4 (13.5) 

Term: 135, 115.7 (14.8) 

% - n, mean (SD) 

All Preterm: 134, 82 (10) 

Term: 135, 85 (10) 

 

Palta 2007 [69] % Predicted - n, mean (SD) 

All Preterm: 265, 86 (14) 

-BPD: 59, 78 (13) 

-No BPD: 206, 88 (14) 

Term: 360, 97 (12) 

% Predicted - n, mean (SD) 

All Preterm: 265, 85 (26) 

-BPD: 59, 79 (18) 

-No BPD: 206, 87 (43) 

Term: 360, 99 (27) 

  

Panagiotounakou 2019 [70] % Predicted - n, mean (SD) 

All Preterm: 85, 91 (10.1) 

-BPD: 42, 89.8 (9.2) 

-No BPD: 43, 92.2 (10.9) 

Term: 62, 92.6 (12.38) 

% Predicted - n, mean (SD) 

All Preterm: 85, 88.1 (10.5) 

-BPD: 42, 87.8 (9.3) 

-No BPD: 43, 88.5 (11.6) 

Term: 62, 88.1 (11.6) 

  



Perez-Tarazona 2021 [71] Z-score - n, mean (SD) 

All Preterm: 286, -0.64 (1.23) 

-BPD: 92, -1.22 (1.25) 

-No BPD: 194, -0.37 (1.13) 

Z-score - n, mean (SD) 

All Preterm: 286, -0.39 (1.19) 

-BPD: 92, -0.71 (1.29) 

-No BPD: 194, -0.23 (1.11) 

Z-score - n, mean (SD) 

All Preterm: 286, -0.4 (1.25) 

-BPD: 92, -0.82 (1.31) 

-No BPD: 194, -0.2 (1.17) 

Z-score - n, mean (SD) 

All Preterm: 286, -0.97 (1.26) 

-BPD: 92, -1.49 (1.31) 

-No BPD: 194, -0.72 (1.15) 

Pianosi 2000 [72] % Predicted - n, mean (SD) 

All Preterm: 32, 84.59 (13.41) 

-BPD: 17, 86 (14) 

-No BPD: 15, 83 (13) 

Term: 15, 90 (8) 

% Predicted - n, mean (SD) 

All Preterm: 32, 97.12 (11.47) 

-BPD: 17, 99 (11) 

-No BPD: 15, 95 (12) 

Term: 15, 96 (9) 

 
% Predicted - n, mean (SD) 

All Preterm: 32, 70.12 (21.96) 

-BPD: 17, 72 (24) 

-No BPD: 15, 68 (20) 

Term: 15, 86 (12) 

Praprotnik 2015 [73] % Predicted - n, mean (SD) 

All Preterm: 56, 83.84 (13.06) 

-BPD: 23, 75.3 (10.7) 

-No BPD: 33, 89.8 (11.2) 

Term: 33, 91.1 (9.5) 

% Predicted - n, mean (SD) 

All Preterm: 56, 94.64 (12.63) 

-BPD: 23, 89.1 (12.2) 

-No BPD: 33, 98.5 (11.6) 

Term: 33, 100.1 (9.4) 

% Predicted - n, mean (SD) 

All Preterm: 56, 83.07 (17.37) 

-BPD: 23, 78.3 (18.6) 

-No BPD: 33, 86.4 (15.9) 

Term: 33, 87.5 (5) 

% Predicted - n, mean (SD) 

All Preterm: 56, 72.87 (20.67) 

-BPD: 23, 58.9 (17.5) 

-No BPD: 33, 82.6 (16.9) 

Term: 33, 90.1 (21.9) 

Prenzel 2020 [74] Z-score - n, mean (SD) 

All Preterm: 39, -0.75 (1.38) 

-BPD: 39, -0.75 (1.38) 

Term: 40, 0.52 (0.91) 

Z-score - n, mean (SD) 

All Preterm: 39, -0.38 (1.13) 

-BPD: 39, -0.38 (1.13) 

Term: 40, 0.01 (0.87) 

Z-score - n, mean (SD) 

All Preterm: 39, -0.63 (1.24) 

-BPD: 39, -0.63 (1.24) 

Term: 40, 0.98 (1.22) 

Z-score - n, mean (SD) 

All Preterm: 39, -1.48 (1.17) 

-BPD: 39, -1.48 (1.17) 

Term: 40, 0.25 (1.05) 

Ronkainen 2015 [75] % Predicted - n, mean (SD) 

All Preterm: 88, 86.4 (11.8) 

-BPD: 49, 84.3 (11.4) 

-No BPD: 39, 89.4 (11.1) 

Term: 88, 94.9 (10.1) 

% Predicted - n, mean (SD) 

All Preterm: 88, 91 (11.8) 

-BPD: 49, 90.4 (11) 

-No BPD: 39, 92.4 (11.5) 

Term: 88, 95 (10.2) 

% Predicted - n, mean (SD) 

All Preterm: 88, 94.7 (7.8) 

-BPD: 49, 92.9 (8.5) 

-No BPD: 39, 96.1 (6.6) 

Term: 88, 98.9 (7.3) 

 



Ruf 2019 [76] % Predicted - n, mean (SD) 

All Preterm: 22, 91.27 (17.41) 

-BPD: 9, 83 (22) 

-No BPD: 13, 97 (11) 

Term: 15, 105 (8) 

% Predicted - n, mean (SD) 

All Preterm: 22, 98.55 (14.69) 

-BPD: 9, 95 (17) 

-No BPD: 13, 101 (13) 

Term: 15, 106 (7) 

  

Santuz 1995 [77] % Predicted - n, mean (SD) 

All Preterm: 12, 83 (13) 

-BPD: 12, 83 (13) 

Term: 16, 100 (8) 

% Predicted - n, mean (SD) 

All Preterm: 12, 87 (10) 

-BPD: 12, 87 (10) 

Term: 16, 96 (8) 

 
% Predicted - n, mean (SD) 

All Preterm: 12, 77 (30) 

-BPD: 12, 77 (30) 

Term: 16, 110 (14) 

Siltanen 2004 [78] % Predicted - n, mean (SD) 

All Preterm: 50, 92 (13.1) 

Term: 54, 96 (12.6) 

% Predicted - n, mean (SD) 

All Preterm: 50, 96 (12.6) 

Term: 54, 102 (9.6) 

% Predicted - n, mean (SD) 

All Preterm: 50, 84 (7.8) 

Term: 54, 88 (5.4) 

% Predicted - n, mean (SD) 

All Preterm: 50, 87 (24) 

Term: 54, 114 (21.2) 

Simpson 2017 [79] Z-score - n, mean (SD) 

All Preterm: 131, -0.72 (1.13) 

-BPD: 70, -1.06 (1.09) 

-No BPD: 52, -0.21 (0.99) 

Term: 48, 0.04 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 131, 0.13 (1.04) 

-BPD: 70, -0.07 (1.11) 

-No BPD: 52, 0.43 (0.86) 

Term: 48, 0.17 (0.95) 

Z-score - n, mean (SD) 

All Preterm: 131, -1.25 (1.01) 

-BPD: 70, -1.14 (1.04) 

-No BPD: 52, -1.02 (0.93) 

Term: 48, -0.27 (0.92) 

Z-score - n, mean (SD) 

All Preterm: 131, -1.46 (1.11) 

-BPD: 70, -1.75 (1.08) 

-No BPD: 52, -1.06 (1.02) 

Term: 48, -0.42 (0.9) 

Smith 2008 [80] % Predicted - n, mean (SD) 

All Preterm: 126, 85 (12.4) 

Term: 34, 95 (10.2) 

% Predicted - n, mean (SD) 

All Preterm: 126, 96.3 (13.6) 

Term: 34, 102.1 (10.1) 

% - n, mean (SD) 

All Preterm: 126, 82.1 (8.3) 

Term: 34, 86.4 (3.7) 

% Predicted - n, mean (SD) 

All Preterm: 126, 71.8 (22.9) 

Term: 34, 91.4 (15.7) 

Sorensen 2018 [81] Z-score - n, mean (SD) 

All Preterm: 70, -0.81 (1.22) 

-BPD: 42, -1.07 (1.18) 

-No BPD: 28, -0.43 (1.2) 

Term: 38, 0.23 (1.05) 

Z-score - n, mean (SD) 

All Preterm: 70, 0.01 (0.9) 

-BPD: 42, -0.23 (0.84) 

-No BPD: 28, 0.38 (0.88) 

Term: 38, 0.18 (0.92) 

Z-score - n, mean (SD) 

All Preterm: 70, -1.25 (1.15) 

-BPD: 42, -1.33 (1.08) 

-No BPD: 28, -1.14 (1.25) 

Term: 38, 0.02 (0.86) 

Z-score - n, mean (SD) 

All Preterm: 70, -1.54 (1.26) 

-BPD: 42, -1.71 (1.23) 

-No BPD: 28, -1.29 (1.29) 

Term: 38, -0.27 (1.01) 



Teig 2012 [82] Z-score - n, mean (SD) 

All Preterm: 16, -0.71 (0.61) 

Term: 11, 0.75 (2.23) 

Z-score - n, mean (SD) 

All Preterm: 16, -0.24 (1.36) 

Term: 11, 0.2 (1.33) 

Z-score - n, mean (SD) 

Term: 11, 0.47 (1.43) 

Z-score - n, mean (SD) 

All Preterm: 16, -1.05 (1.41) 

Term: 11, 0.44 (1.33) 

Thunqvist 2016 [84] Z-score - n, mean (SD) 

All Preterm: 106, -0.35 (1.01) 

Term: 1686, -0.01 (0.92) 

mL - n, mean (SD) 

All Preterm: 106, 4623.9 

(952.66) 

Term: 1686, 4669.44 (938.01) 

% Predicted - n, mean (SD) 

All Preterm: 106, 82.67 (5.75) 

Term: 1689, 85.59 (6.66) 

 

Thunqvist 2018 [83] Z-score - n, mean (SD) 

All Preterm: 90, -0.72 (1) 

-BPD: 82, -0.75 (1.22) 

Term: 98, 0.41 (1) 

Z-score - n, mean (SD) 

All Preterm: 90, -0.44 (1) 

-BPD: 82, -0.47 (1.15) 

Term: 98, 0.3 (1) 

Z-score - n, mean (SD) 

All Preterm: 90, -0.43 (1.1) 

-BPD: 82, -0.45 (1.17) 

Term: 98, 0.2 (1.14) 

 

Turner [85] % Predicted - n, mean (SD) 

All Preterm: 37, 96.98 (13.25) 

Term: 563, 98.28 (13.98) 

   

Um-Bergstrom 2018 [86] Z-score - n, mean (SD) 

All Preterm: 49, -0.27 (1.31) 

-BPD: 26, -0.86 (1.17) 

-No BPD: 23, 0.41 (1.15) 

Term: 24, 0.66 (1.02) 

Z-score - n, mean (SD) 

All Preterm: 49, -0.3 (1.04) 

-BPD: 26, -0.48 (1.08) 

-No BPD: 23, -0.09 (0.98) 

Term: 24, 0.34 (0.81) 

Z-score - n, mean (SD) 

All Preterm: 49, -0.06 (1.53) 

-BPD: 26, -0.79 (1.6) 

-No BPD: 23, 0.76 (0.95) 

Term: 24, 0.34 (0.91) 

 

Vanhaverbeke 2021 [87] % Predicted - n, mean (SD) 

All Preterm: 37, 99.93 (12.98) 

-BPD: 22, 99.27 (11.78) 

-No BPD: 15, 100.9 (14.95) 

% Predicted - n, mean (SD) 

All Preterm: 22, 108.22 (15.97) 

-BPD: 22, 108.22 (15.97) 

% Predicted - n, mean (SD) 

All Preterm: 37, 92.02 (10.84) 

-BPD: 22, 87.71 (11.26) 

-No BPD: 15, 98.34 (6.32) 

 



Vardar-Yagli 2015 [88] % Predicted - n, mean (SD) 

All Preterm: 18, 78 (21.2) 

-BPD: 18, 78 (21.2) 

Term: 20, 98 (11.7) 

% Predicted - n, mean (SD) 

All Preterm: 18, 98 (14.1) 

-BPD: 18, 98 (14.1) 

Term: 20, 98.3 (10.5) 

% Predicted - n, mean (SD) 

All Preterm: 18, 73.7 (13.1) 

-BPD: 18, 73.7 (13.1) 

Term: 20, 91.1 (5.9) 

% Predicted - n, mean (SD) 

All Preterm: 18, 57 (25.9) 

-BPD: 18, 57 (25.9) 

Term: 20, 101.5 (20.8) 

Vollsaeter 2015 [89] 

(1999-2000 cohort) 

Z-score - n, mean (SD) 

All Preterm: 57, -0.65 

(0.923358545599633) 

-BPD: 31, -0.73 (1) 

-No BPD: 26, -0.56 (0.87) 

Term: 54, -0.31 (0.97) 

Z-score - n, mean (SD) 

All Preterm: 57, -0.17 

(0.90451449364862) 

-BPD: 31, -0.17 (1.01) 

-No BPD: 26, -0.17 (0.76) 

Term: 54, -0.16 (0.93) 

Z-score - n, mean (SD) 

All Preterm: 57, -0.8 

(0.998734753403684) 

-BPD: 31, -0.9 (1.05) 

-No BPD: 26, -0.69 (0.93) 

Term: 54, -0.3 (0.9) 

Z-score - n, mean (SD) 

All Preterm: 57, -1.14 

(0.942202597550645) 

-BPD: 31, -1.22 (0.97) 

-No BPD: 26, -1.04 (0.89) 

Term: 54, -0.53 (0.95) 

Vollsaeter 2013 [90] 

(1991-1992 cohort) 

Z-score - n, mean (SD) 

All Preterm: 35, -0.84 (0.8) 

-BPD: 26, -1.05 (0.75) 

-No BPD: 9, -0.25 (0.64) 

Term: 35, -0.05 (0.74) 

Z-score - n, mean (SD) 

All Preterm: 35, -0.56 (0.68) 

-BPD: 26, -0.62 (0.69) 

-No BPD: 9, -0.38 (0.67) 

Term: 35, -0.12 (0.76) 

Z-score - n, mean (SD) 

All Preterm: 35, -0.47 (1.07) 

-BPD: 26, -0.72 (1.05) 

-No BPD: 9, 0.22 (0.83) 

Term: 35, 0.01 (0.95) 

Z-score - n, mean (SD) 

All Preterm: 35, -1.06 (0.99) 

-BPD: 26, -1.3 (0.94) 

-No BPD: 9, -0.36 (0.77) 

Term: 35, -0.16 (0.87) 

Vollsaeter 2013 [90] 

(1982-1985 cohort) 

Z-score - n, mean (SD) 

All Preterm: 48, -1.08 (1.25) 

-BPD: 37, -1.28 (1.21) 

-No BPD: 11, -0.41 (1.17) 

Term: 46, 0.22 (1.28) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.95 (1.43) 

-BPD: 37, -1.22 (1.37) 

-No BPD: 11, -0.04 (1.31) 

Term: 46, -0.16 (1.43) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.22 (1.04) 

-BPD: 37, -0.12 (1.04) 

-No BPD: 11, -0.55 (0.99) 

Term: 46, 0.53 (1.08) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.85 (0.96) 

-BPD: 37, -0.91 (0.98) 

-No BPD: 11, -0.63 (0.92) 

Term: 46, 0.47 (0.99) 

von Mutius 1993 [91] % Predicted - n, mean (SD) 

All Preterm: 118, 98.7 (11.4) 

Term: 2113, 100.4 (9.19) 

% Predicted - n, mean (SD) 

All Preterm: 118, 98.94 (10.61) 

Term: 2113, 100.5 (9.19) 

  



Vrijlandt 2018 [92] Z-score - n, mean (SD) 

All Preterm: 37, -0.6 (1) 

-No BPD: 37, -0.6 (1) 

Term: 34, -0.2 (0.8) 

Z-score - n, mean (SD) 

All Preterm: 37, -0.72 (1.2) 

-No BPD: 37, -0.72 (1.2) 

Term: 34, -0.49 (1) 

  

Vrijlandt 2006 [93] % Predicted - n, mean (SD) 

All Preterm: 42, 95.4 (15.9) 

-BPD: 8, 90.1 (19.8) 

-No BPD: 12, 99.2 (17.9) 

Term: 48, 109.6 (13.4) 

% Predicted - n, mean (SD) 

All Preterm: 42, 97.7 (13.7) 

-BPD: 8, 96.4 (13.1) 

-No BPD: 12, 99.2 (13.7) 

Term: 48, 106 (10.8) 

% - n, mean (SD) 

All Preterm: 42, 82.2 (8.2) 

-BPD: 8, 78.8 (8.1) 

-No BPD: 12, 82.5 (11.1) 

Term: 48, 87.4 (6.6) 

 

Wheeler 1984 [94] % Predicted - n, mean (SD) 

All Preterm: 14, 82 (20) 

-BPD: 14, 82 (20) 

Term: 11, 104 (15) 

  
% Predicted - n, mean (SD) 

All Preterm: 14, 55 (23) 

-BPD: 14, 55 (23) 

Term: 11, 103 (21) 

Winck 2016 [95] Z-score - n, mean (SD) 

All Preterm: 48, 0.4 (1.62) 

Term: 45, 0.71 (1.12) 

Z-score - n, mean (SD) 

All Preterm: 48, 0.66 (1.44) 

Term: 45, 0.83 (1.03) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.38 (1.13) 

Term: 45, -0.23 (0.95) 

Z-score - n, mean (SD) 

All Preterm: 48, -0.14 (1.37) 

Term: 45, -0.69 (1.04) 

Yaacoby-Bianu 2019 [96] L - n, mean (SD) 

All Preterm: 29, 1.59 (0.48) 

Term: 30, 1.8 (0.39) 

L - n, mean (SD) 

All Preterm: 29, 1.73 (0.45) 

Term: 30, 1.99 (0.49) 

% - n, mean (SD) 

All Preterm: 29, 91 (6) 

Term: 30, 92 (5) 

L - n, mean (SD) 

All Preterm: 29, 2.15 (0.9) 

Term: 30, 2.35 (0.48) 

Yang 2020 [97] Z-score - n, mean (SD) 

All Preterm: 224, -0.67 (1.2) 

-BPD: 46, -1.34 (1.41) 

-No BPD: 178, -0.5 (1.08) 

Term: 100, -0.13 (1.17) 

Z-score - n, mean (SD) 

All Preterm: 224, 0.18 (0.99) 

-BPD: 46, -0.14 (1.1) 

-No BPD: 178, 0.26 (0.95) 

Term: 100, 0.31 (1.03) 

Z-score - n, mean (SD) 

All Preterm: 224, -1.21 (1.13) 

-BPD: 46, -1.67 (1.28) 

-No BPD: 178, -1.09 (1.06) 

Term: 100, 0.65 (1.01) 

Z-score - n, mean (SD) 

All Preterm: 224, -1.29 (1.28) 

-BPD: 46, -1.9 (1.45) 

-No BPD: 178, -1.13 (1.19) 

Term: 100, -0.52 (1.18) 

 

 



 

 

1. Abreu LR, Costa-Rangel RCA, Gastaldi AC, Guimarães RC, Cravo SL, Sologuren MJJ. 

Avaliação da aptidão cardiorrespiratória de crianças com displasia broncopulmonar [Cardio-respiratory 

capacity assessment in children with bronchopulmonary dysplasia]. Revista Brasileira de Fisioterapia 

2007: 11(2). 

2. Anand D, Stevenson CJ, West CR, Pharoah PO. Lung function and respiratory health in 

adolescents of very low birth weight. Arch Dis Child 2003: 88(2): 135-138. 

3. Arigliani M, Valentini E, Stocco C, De Pieri C, Castriotta L, Barbato V, Cuberli E, Orsaria M, 

Cattarossi L, Cogo P. Regional ventilation inhomogeneity in survivors of extremely preterm birth. 

Pediatr Pulmonol 2020: 55(6): 1366-1374. 

4. Bader D, Ramos AD, Lew CD, Platzker AC, Stabile MW, Keens TG. Childhood sequelae of 

infant lung disease: exercise and pulmonary function abnormalities after bronchopulmonary dysplasia. 

J Pediatr 1987: 110(5): 693-699. 

5. Baraldi E, Bonetto G, Zacchello F, Filippone M. Low exhaled nitric oxide in school-age 

children with bronchopulmonary dysplasia and airflow limitation. Am J Respir Crit Care Med 2005: 

171(1): 68-72. 

6. Barker M, Merz U, Hertl MS, Heimann G. School-Age Lung Function and Exercise Capacity 

in Former Very Low Birth Weight Infants. Pediatric Exercise Science 2003: 15(1): 44-55. 

7. Bertrand JM, Riley SP, Popkin J, Coates AL. The long-term pulmonary sequelae of 

prematurity: the role of familial airway hyperreactivity and the respiratory distress syndrome. N Engl J 

Med 1985: 312(12): 742-745. 

8. Bozzetto S, Carraro S, Tomasi L, Berardi M, Zanconato S, Baraldi E. Health-related quality of 

life in adolescent survivors of bronchopulmonary dysplasia. Respirology 2016: 21(6): 1113-1117. 

9. Brostrom EB, Thunqvist P, Adenfelt G, Borling E, Katz-Salamon M. Obstructive lung disease 

in children with mild to severe BPD. Respir Med 2010: 104(3): 362-370. 

10. Bui DS, Perret JL, Walters EH, Lodge CJ, Bowatte G, Hamilton GS, Thompson BR, Frith P, 

Erbas B, Thomas PS, Johns DP, Wood-Baker R, Hopper JL, Davis PG, Abramson MJ, Lowe AJ, 

Dharmage SC. Association between very to moderate preterm births, lung function deficits, and COPD 

at age 53 years: analysis of a prospective cohort study. The Lancet Respiratory Medicine 2022: 10(5): 

478-484. 

11. Burns YR, Danks M, O'Callaghan MJ, Gray PH, Cooper D, Poulsen L, Watter P. Motor 

coordination difficulties and physical fitness of extremely-low-birthweight children. Dev Med Child 

Neurol 2009: 51(2): 136-142. 

12. Cazzato S, Ridolfi L, Bernardi F, Faldella G, Bertelli L. Lung function outcome at school age 

in very low birth weight children. Pediatr Pulmonol 2013: 48(8): 830-837. 

13. Chang HY, Chang JH, Chi H, Hsu CH, Lin CY, Jim WT, Peng CC. Reduced Lung Function at 

Preschool Age in Survivors of Very Low Birth Weight Preterm Infants. Front Pediatr 2020: 8: 577673. 

14. Jobe AH. Bronchopulmonary dysplasia. Am J Respir Crit Care Med 2001: 163: 1723-1729. 

15. Choukroun ML, Feghali H, Vautrat S, Marquant F, Nacka F, Leroy V, Demarquez JL, Fayon 

MJ. Pulmonary outcome and its correlates in school-aged children born with a gestational age </= 32 

weeks. Respir Med 2013: 107(12): 1966-1976. 

16. de Kleine MJ, Roos CM, Voorn WJ, Jansen HM, Koppe JG. Lung function 8-18 years after 

intermittent positive pressure ventilation for hyaline membrane disease. Thorax 1990: 45(12): 941-946. 

17. Debevec T, Pialoux V, Millet GP, Martin A, Mramor M, Osredkar D. Exercise Overrides 

Blunted Hypoxic Ventilatory Response in Prematurely Born Men. Front Physiol 2019: 10: 437. 

18. Devakumar D, Stocks J, Ayres JG, Kirkby J, Yadav SK, Saville NM, Devereux G, Wells JC, 

Manandhar DS, Costello A, Osrin D. Effects of antenatal multiple micronutrient supplementation on 

lung function in mid-childhood: follow-up of a double-blind randomised controlled trial in Nepal. Eur 

Respir J 2015: 45(6): 1566-1575. 

19. Di Filippo P, Giannini C, Attanasi M, Dodi G, Scaparrotta A, Petrosino MI, Di Pillo S, Chiarelli 

F. Pulmonary Outcomes in Children Born Extremely and Very Preterm at 11 Years of Age. Front 

Pediatr 2021: 9: 635503. 



20. Doyle LW, Adams AM, Robertson C, Ranganathan S, Davis NM, Lee KJ, Cheong JL, 

Victorian Infant Collaborative Study G. Increasing airway obstruction from 8 to 18 years in extremely 

preterm/low-birthweight survivors born in the surfactant era. Thorax 2017: 72(8): 712-719. 

21. Doyle LW, Cheung MM, Ford GW, Olinsky A, Davis NM, Callanan C. Birth weight <1501 g 

and respiratory health at age 14. Arch Dis Child 2001: 84(1): 40-44. 

22. Doyle LW, Victorian Infant Collaborative Study G. Respiratory function at age 8-9 years in 

extremely low birthweight/very preterm children born in Victoria in 1991-1992. Pediatr Pulmonol 

2006: 41(6): 570-576. 

23. Durlak W, Klimek M, Wronski M, Trybulska A, Kwinta P. Multimodal longitudinal respiratory 

function assessment in very low birth weight 7-year-old children. Adv Med Sci 2021: 66(1): 81-88. 

24. Evensen KA, Steinshamn S, Tjonna AE, Stolen T, Hoydal MA, Wisloff U, Brubakk AM, Vik 

T. Effects of preterm birth and fetal growth retardation on cardiovascular risk factors in young 

adulthood. Early Hum Dev 2009: 85(4): 239-245. 

25. Fawke J, Lum S, Kirkby J, Hennessy E, Marlow N, Rowell V, Thomas S, Stocks J. Lung 

function and respiratory symptoms at 11 years in children born extremely preterm: the EPICure study. 

Am J Respir Crit Care Med 2010: 182(2): 237-245. 

26. Flahault A, Paquette K, Fernandes RO, Delfrate J, Cloutier A, Henderson M, Lavoie JC, Masse 

B, Nuyt AM, Luu TM, group* Hc. Increased Incidence but Lack of Association Between 

Cardiovascular Risk Factors in Adults Born Preterm. Hypertension 2020: 75(3): 796-805. 

27. Fortuna M, Carraro S, Temporin E, Berardi M, Zanconato S, Salvadori S, Lago P, Frigo AC, 

Filippone M, Baraldi E. Mid-childhood lung function in a cohort of children with "new 

bronchopulmonary dysplasia". Pediatr Pulmonol 2016: 51(10): 1057-1064. 

28. Gaffin JM, Hauptman M, Petty CR, Haktanir-Abul M, Gunnlaugsson S, Lai PS, Baxi SN, 

Permaul P, Sheehan WJ, Wolfson JM, Coull BA, Gold DR, Koutrakis P, Phipatanakul W. Differential 

Effect of School-Based Pollution Exposure in Children With Asthma Born Prematurely. CHEST 2020: 

158(4): 1361-1363. 

29. Galdes-Sebaldt M, Sheller JR, Grogaard J, Stahlman M. Prematurity is associated with 

abnormal airway function in childhood. Pediatr Pulmonol 1989: 7(4): 259-264. 

30. Giacoia GP, Venkataraman PS, West-Wilson KI, Faulkner MJ. Follow-up of school-age 

children with bronchopulmonary dysplasia. J Pediatr 1997: 130(3): 400-408. 

31. Gonçalves EdS, Mezzacappa-Filho F, Severino SD, Ribeiro MÂGdO, Marson FAdL, Morcilo 

AM, Toro AADC, Ribeiro JD. Association between clinical variables related to asthma in 

schoolchildren born with very low birth weight with and without bronchopulmonary dysplasia. Revista 

Paulista de Pediatria (English Edition) 2016: 34(3): 271-280. 

32. Gough A, Linden M, Spence D, Patterson CC, Halliday HL, McGarvey LP. Impaired lung 

function and health status in adult survivors of bronchopulmonary dysplasia. Eur Respir J 2014: 43(3): 

808-816. 

33. Gross SJ, Iannuzzi DM, Kveselis DA, Anbar RD. Effect of preterm birth on pulmonary function 

at school age: A prospective controlled study. The Journal of Pediatrics 1998: 133(2): 188-192. 

34. Guimaraes H, Rocha G, Pissarra S, Guedes MB, Nunes T, Vitor B. Respiratory outcomes and 

atopy in school-age children who were preterm at birth, with and without bronchopulmonary dysplasia. 

Clinics (Sao Paulo) 2011: 66(3): 425-430. 

35. Hadchouel A, Rousseau J, Roze J-C, Arnaud C, Bellino A, Marret S, Ancel P-Y, Delacourt C. 

Association between asthma and lung function in adolescents born very preterm: results of the 

EPIPAGE cohort study. European Respiratory Journal 2018: 52(suppl 62): PA4678. 

36. Hagman C, Bjorklund LJ, Bjermer L, Hansen-Pupp I, Tufvesson E. Perinatal inflammation 

relates to early respiratory morbidity and lung function at 12 years of age in children born very preterm. 

Acta Paediatr 2021: 110(7): 2084-2092. 

37. Hakulinen AL, Järvenpää AL, Turpeinen M, Sovijärvi A. Diffusing capacity of the lung in 

school-aged children born very preterm, with and without bronchopulmonary dysplasia. Pediatric 

Pulmonology 1996: 21(6): 353-360. 

38. Halvorsen T, Skadberg BT, Eide GE, Roksund O, Aksnes L, Oymar K. Characteristics of 

asthma and airway hyper-responsiveness after premature birth. Pediatr Allergy Immunol 2005: 16(6): 

487-494. 



39. Hamon I, Varechova S, Vieux R, Ioan I, Bonabel C, Schweitzer C, Hascoet JM, Marchal F. 

Exercise-induced bronchoconstriction in school-age children born extremely preterm. Pediatr Res 

2013: 73(4 Pt 1): 464-468. 

40. Hart K, Cousins M, Watkins WJ, Kotecha SJ, Henderson AJ, Kotecha S. Association of Early 

Life Factors with Prematurity-Associated Lung Disease: Prospective Cohort Study. Eur Respir J 2021. 

41. Hirata K, Nishihara M, Shiraishi J, Hirano S, Matsunami K, Sumi K, Wada N, Kawamoto Y, 

Nishikawa M, Nakayama M, Kanazawa T, Kitajima H, Fujimura M. Perinatal factors associated with 

long-term respiratory sequelae in extremely low birthweight infants. Arch Dis Child Fetal Neonatal Ed 

2015: 100(4): F314-319. 

42. Jacob SV, Coates AL, Lands LC, MacNeish CF, Riley SP, Hornby L, Outerbridge EW, Davis 

GM, Williams RL. Long-term pulmonary sequelae of severe bronchopulmonary dysplasia. J Pediatr 

1998: 133(2): 193-200. 

43. Joshi S, Powell T, Watkins WJ, Drayton M, Williams EM, Kotecha S. Exercise-induced 

bronchoconstriction in school-aged children who had chronic lung disease in infancy. J Pediatr 2013: 

162(4): 813-818 e811. 

44. Kaczmarczyk K, Wiszomirska I, Szturmowicz M, Magiera A, Blazkiewicz M. Are preterm-

born survivors at risk of long-term respiratory disease? Ther Adv Respir Dis 2017: 11(7): 277-287. 

45. Kaplan E, Bar-Yishay E, Prais D, Klinger G, Mei-Zahav M, Mussaffi H, Steuer G, Hananya S, 

Matyashuk Y, Gabarra N, Sirota L, Blau H. Encouraging pulmonary outcome for surviving, 

neurologically intact, extremely premature infants in the postsurfactant era. Chest 2012: 142(3): 725-

733. 

46. Karila C, Saulnier JP, Elie C, Taupin P, Scheinmann P, Le Bourgeois M, Waernessycle S, de 

Blic J. Hypoventilation alvéolaire à l’exercice chez des enfants avec dysplasie bronchopulmonaire 

[Exercise-induced alveolar hypoventilation in long-term survivors of bronchopulmonary dysplasia]. 

Revue des Maladies Respiratoires 2008: 25(3): 303-312. 

47. Karnaushkina MA, Strutinskaya AD, Ovsyannikov DY. Prematurity and Early Childhood 

Infection of Lower Respiratory Tract as Risk Factors of Developing Chronic Obstructive 

Bronchopulmonary Pathology in Adults. Sovremennye tehnologii v medicine 2017: 9(1). 

48. Kennedy JD, Edward LJ, Bates DJ, Martin AJ, Dip SN, Haslam RR, McPhee AJ, Staugas RE, 

Baghurst P. Effects of birthweight and oxygen supplementation on lung function in late childhood in 

children of very low birth weight. Pediatric Pulmonology 2000: 30(1): 32-40. 

49. Kilbride HW, Dinakar C, Carver T, Gauldin C, Tenson K, Gelatt MC, Sabath RJ. Pulmonary 

function, oxygen consumption, and exhaled nitric oxide measures for extremely low birth weight, 

heavier preterm, and term children (abstract). Journal of Investigative Medicine 2012: 60(1): 239. 

50. Kilbride HW, Gelatt MC, Sabath RJ. Pulmonary function and exercise capacity for ELBW 

survivors in preadolescence: effect of neonatal chronic lung disease. J Pediatr 2003: 143(4): 488-493. 

51. Konefal H, Czeszynska MB, Merritt TA. School-age spirometry in survivors of chronic lung 

disease of prematurity in the surfactant era. Ginekol Pol 2013: 84(4): 286-292. 

52. Korhonen P, Laitinen J, Hyodynmaa E, Tammela O. Respiratory outcome in school-aged, very-

low-birth-weight children in the surfactant era. Acta Paediatr 2004: 93(3): 316-321. 

53. Kulasekaran K, Gray PH, Masters B. Chronic lung disease of prematurity and respiratory 

outcome at eight years of age. J Paediatr Child Health 2007: 43(1-2): 44-48. 

54. Kung YP, Lin CC, Chen MH, Tsai MS, Hsieh WS, Chen PC. Intrauterine exposure to per- and 

polyfluoroalkyl substances may harm children's lung function development. Environ Res 2021: 192: 

110178. 

55. Kwinta P, Lis G, Klimek M, Grudzien A, Tomasik T, Poplawska K, Pietrzyk JJ. The prevalence 

and risk factors of allergic and respiratory symptoms in a regional cohort of extremely low birth weight 

children (<1000 g). Ital J Pediatr 2013: 39: 4. 

56. Landry JS, Tremblay GM, Li PZ, Wong C, Benedetti A, Taivassalo T. Lung Function and 

Bronchial Hyperresponsiveness in Adults Born Prematurely. A Cohort Study. Ann Am Thorac Soc 

2016: 13(1): 17-24. 

57. MacLean JE, DeHaan K, Fuhr D, Hariharan S, Kamstra B, Hendson L, Adatia I, Majaesic C, 

Lovering AT, Thompson RB, Nicholas D, Thebaud B, Stickland MK. Altered breathing mechanics and 

ventilatory response during exercise in children born extremely preterm. Thorax 2016: 71(11): 1012-

1019. 



58. Mai XM, Gaddlin PO, Nilsson L, Finnstrom O, Bjorksten B, Jenmalm MC, Leijon I. Asthma, 

lung function and allergy in 12-year-old children with very low birth weight: a prospective study. 

Pediatr Allergy Immunol 2003: 14(3): 184-192. 

59. Mieskonen ST, Malmberg LP, Kari MA, Pelkonen AS, Turpeinen MT, Hallman NM, Sovijarvi 

AR. Exhaled nitric oxide at school age in prematurely born infants with neonatal chronic lung disease. 

Pediatr Pulmonol 2002: 33(5): 347-355. 

60. Mitchell SH, Teague WG. Reduced gas transfer at rest and during exercise in school-age 

survivors of bronchopulmonary dysplasia. Am J Respir Crit Care Med 1998: 157(5 Pt 1): 1406-1412. 

61. Molgat-Seon Y, Dominelli PB, Peters CM, Guenette JA, Sheel AW, Gladstone IM, Lovering 

AT, Duke JW. Analysis of maximal expiratory flow-volume curves in adult survivors of preterm birth. 

Am J Physiol Regul Integr Comp Physiol 2019: 317(4): R588-R596. 

62. Morata-Alba J, Romero-Rubio MT, Castillo-Corullon S, Escribano-Montaner A. Respiratory 

morbidity, atopy and asthma at school age in preterm infants aged 32-35 weeks. Eur J Pediatr 2019: 

178(7): 973-982. 

63. Morris S, Harris C, Lunt A, Peacock J, Greenough A. G449 Lung function at follow-up of very 

prematurely born young people – impact of bronchopulmonary dysplasia. Archives of Disease in 

Childhood 2018: 103(Suppl 1): A183. 

64. Morsing E, Gustafsson P, Brodszki J. Lung function in children born after foetal growth 

restriction and very preterm birth. Acta Paediatr 2012: 101(1): 48-54. 

65. Narayanan M, Beardsmore CS, Owers-Bradley J, Dogaru CM, Mada M, Ball I, Garipov RR, 

Kuehni CE, Spycher BD, Silverman M. Catch-up alveolarization in ex-preterm children: evidence from 

(3)He magnetic resonance. Am J Respir Crit Care Med 2013: 187(10): 1104-1109. 

66. Nasanen-Gilmore P, Sipola-Leppanen M, Tikanmaki M, Matinolli HM, Eriksson JG, Jarvelin 

MR, Vaarasmaki M, Hovi P, Kajantie E. Lung function in adults born preterm. PLoS One 2018: 13(10): 

e0205979. 

67. Northway WH, Jr., Moss RB, Carlisle KB, Parker BR, Popp RL, Pitlick PT, Eichler I, Lamm 

RL, Brown BW, Jr. Late pulmonary sequelae of bronchopulmonary dysplasia. N Engl J Med 1990: 

323(26): 1793-1799. 

68. Odberg MD, Sommerfelt K, Markestad T, Elgen IB. Growth and somatic health until adulthood 

of low birthweight children. Arch Dis Child Fetal Neonatal Ed 2010: 95(3): F201-205. 

69. Palta M, Sadek-Badawi M, Madden K, Green C. Pulmonary testing using peak flow meters of 

very low birth weight children born in the perisurfactant era and school controls at age 10 years. Pediatr 

Pulmonol 2007: 42(9): 819-828. 

70. Panagiotounakou P, Sokou R, Gounari E, Konstantinidi A, Antonogeorgos G, Grivea IN, Daniil 

Z, Gourgouliannis KI, Gounaris A. Very preterm neonates receiving "aggressive" nutrition and early 

nCPAP had similar long-term respiratory outcomes as term neonates. Pediatr Res 2019: 86(6): 742-

748. 

71. Perez-Tarazona S, Rueda Esteban S, Garcia-Garcia ML, Arroyas Sanchez M, de Mir Messa I, 

Acevedo Valarezo T, Mesa Medina O, Callejon Callejon A, Canino Calderin EM, Albi Rodriguez S, 

Ayats Vidal R, Salcedo Posadas A, Costa Colomer J, Domingo Miro X, Berrocal Castaneda M, Villares 

Porto-Dominguez A, Working Group of Perinatal Respiratory Diseases of the Spanish Society of 

Pediatric P. Respiratory outcomes of "new" bronchopulmonary dysplasia in adolescents: A multicenter 

study. Pediatr Pulmonol 2021: 56(5): 1205-1214. 

72. Pianosi PT, Fisk M. High frequency ventilation trial. Nine year follow up of lung function. 

Early Hum Dev 2000: 57(3): 225-234. 

73. Praprotnik M, Stucin Gantar I, Lucovnik M, Avcin T, Krivec U. Respiratory morbidity, lung 

function and fitness assessment after bronchopulmonary dysplasia. J Perinatol 2015: 35(12): 1037-

1042. 

74. Prenzel F, Vogel M, Siekmeyer W, Korner A, Kiess W, Vom Hove M. Exercise capacity in 

children with bronchopulmonary dysplasia at school age. Respir Med 2020: 171: 106102. 

75. Ronkainen E, Dunder T, Peltoniemi O, Kaukola T, Marttila R, Hallman M. New BPD predicts 

lung function at school age: Follow-up study and meta-analysis. Pediatr Pulmonol 2015: 50(11): 1090-

1098. 



76. Ruf K, Thomas W, Brunner M, Speer CP, Hebestreit H. Diverging effects of premature birth 

and bronchopulmonary dysplasia on exercise capacity and physical activity - a case control study. 

Respir Res 2019: 20(1): 260. 

77. Santuz P, Baraldi E, Zaramella P, Filippone M, Zacchello F. Factors limiting exercise 

performance in long-term survivors of bronchopulmonary dysplasia. Am J Respir Crit Care Med 1995: 

152(4 Pt 1): 1284-1289. 

78. Siltanen M, Savilahti E, Pohjavuori M, Kajosaari M. Respiratory symptoms and lung function 

in relation to atopy in children born preterm. Pediatr Pulmonol 2004: 37(1): 43-49. 

79. Simpson SJ, Logie KM, O'Dea CA, Banton GL, Murray C, Wilson AC, Pillow JJ, Hall GL. 

Altered lung structure and function in mid-childhood survivors of very preterm birth. Thorax 2017: 

72(8): 702-711. 

80. Smith LJ, van Asperen PP, McKay KO, Selvadurai H, Fitzgerald DA. Reduced exercise 

capacity in children born very preterm. Pediatrics 2008: 122(2): e287-293. 

81. Sorensen JK, Buchvald F, Berg AK, Robinson PD, Nielsen KG. Ventilation inhomogeneity 

and NO and CO diffusing capacity in ex-premature school children. Respir Med 2018: 140: 94-100. 

82. Teig N, Allali M, Rieger C, Hamelmann E. Inflammatory markers in induced sputum of school 

children born before 32 completed weeks of gestation. J Pediatr 2012: 161(6): 1085-1090. 

83. Thunqvist P, Tufvesson E, Bjermer L, Winberg A, Fellman V, Domellof M, Melen E, Norman 

M, Hallberg J. Lung function after extremely preterm birth-A population-based cohort study 

(EXPRESS). Pediatr Pulmonol 2018: 53(1): 64-72. 

84. Thunqvist P, Gustafsson PM, Schultz ES, Bellander T, Berggren-Brostrom E, Norman M, 

Wickman M, Melen E, Hallberg J. Lung Function at 8 and 16 Years After Moderate-to-Late Preterm 

Birth: A Prospective Cohort Study. Pediatrics 2016: 137(4). 

85. Turner S, Prabhu N, Danielian P, McNeill G, Craig L, Allan K, Cutts R, Helms P, Seaton A, 

Devereux G. First- and Second-Trimester Fetal Size and Asthma Outcomes at Age 10 Years. American 

Journal of Respiratory and Critical Care Medicine 2011: 184(4): 407-413. 

86. Um-Bergstrom P, Hallberg J, Pourbazargan M, Berggren-Brostrom E, Ferrara G, Eriksson MJ, 

Nyren S, Gao J, Lilja G, Linden A, Wheelock AM, Melen E, Skold CM. Pulmonary outcomes in adults 

with a history of Bronchopulmonary Dysplasia differ from patients with asthma. Respir Res 2019: 

20(1): 102. 

87. Vanhaverbeke K, Slaats M, Al-Nejar M, Everaars N, Snoeckx A, Spinhoven M, El Addouli H, 

Lauwers E, Van Eyck A, De Winter BY, Van Hoorenbeeck K, De Dooy J, Mahieu L, Mignot B, De 

Backer J, Mulder A, Verhulst S. Functional respiratory imaging provides novel insights into the long-

term respiratory sequelae of bronchopulmonary dysplasia. Eur Respir J 2021: 57(6). 

88. Vardar-Yagli N, Inal-Ince D, Saglam M, Arikan H, Savci S, Calik-Kutukcu E, Ozcelik U. 

Pulmonary and extrapulmonary features in bronchopulmonary dysplasia: a comparison with healthy 

children. J Phys Ther Sci 2015: 27(6): 1761-1765. 

89. Vollsaeter M, Skromme K, Satrell E, Clemm H, Roksund O, Oymar K, Markestad T, Halvorsen 

T. Children Born Preterm at the Turn of the Millennium Had Better Lung Function Than Children Born 

Similarly Preterm in the Early 1990s. PLoS One 2015: 10(12): e0144243. 

90. Vollsaeter M, Roksund OD, Eide GE, Markestad T, Halvorsen T. Lung function after preterm 

birth: development from mid-childhood to adulthood. Thorax 2013: 68(8): 767-776. 

91. von Mutius E, Nicolai T, Martinez FD. Prematurity as a risk factor for asthma in preadolescent 

children. The Journal of Pediatrics 1993: 123(2): 223-229. 

92. Vrijlandt E, Reijneveld SA, Aris-Meijer JL, Bos AF. Respiratory Health in Adolescents Born 

Moderately-Late Preterm in a Community-Based Cohort. J Pediatr 2018: 203: 429-436. 

93. Vrijlandt EJ, Gerritsen J, Boezen HM, Grevink RG, Duiverman EJ. Lung function and exercise 

capacity in young adults born prematurely. Am J Respir Crit Care Med 2006: 173(8): 890-896. 

94. Wheeler. Pulmonary function in survivors of prematurity. Am Rev Respir Dis 1984. 

95. Winck AD, Heinzmann-Filho JP, Schumann D, Zatti H, Mattiello R, Jones MH, Stein RT. 

Growth, lung function, and physical activity in schoolchildren who were very-low-birth-weight preterm 

infants. J Bras Pneumol 2016: 42(4): 254-260. 

96. Yaacoby-Bianu K, Plonsky MT, Gur M, Bar-Yoseph R, Kugelman A, Bentur L. Effect of late 

preterm birth on lung clearance index and respiratory physiology in school-age children. Pediatr 

Pulmonol 2019: 54(8): 1250-1256. 



97. Yang J, Kingsford RA, Horwood J, Epton MJ, Swanney MP, Stanton J, Darlow BA. Lung 

Function of Adults Born at Very Low Birth Weight. Pediatrics 2020: 145(2). 

98. Doyle LW, Carse E, Adams AM, Ranganathan S, Opie G, Cheong JLY, Victorian Infant 

Collaborative Study G. Ventilation in Extremely Preterm Infants and Respiratory Function at 8 Years. 

N Engl J Med 2017: 377(4): 329-337. 

99. Kotecha SJ, Watkins WJ, Paranjothy S, Dunstan FD, Henderson AJ, Kotecha S. Effect of late 

preterm birth on longitudinal lung spirometry in school age children and adolescents. Thorax 2012: 

67(1): 54-61. 

 


