





Paediatric lung disease

RESULTS

Study selection

The search strategy identified 8839 titles and abstracts; 1124
full articles were screened and 206 met the inclusion criteria
(figure 1). Of these papers, 59 studies reporting on %FEV; for
the preterm-born groups were included in the meta-analysis
(E1-29, E51-E60, E71, E73-92; online supplementary data).
Some were included in more than one analysis. Twenty-eight
studies compared a term-born group with a preterm-born group
without BPD (E1-E29; online supplementary data); 24 with
a BPD,g group (E3, E4, E10, E14, E16, E18, E19, E21,
E23-E26, E28, E29, E5S1-E60; online supplementary data); 15
with a BPDs4 group (E1, ES, E6, ES-E13, E15, E16, E20, E22,
E27, E29, E71; online supplementary data); and 34 with a
general preterm-born group (including some subjects with BPD)
(E1-E4, E6, E7, E9, E14, E15, E17, E20, E22, E24, E26,
E73-E92; online supplementary data). Five of the 1124 full

Figure 1 Study selection results.

articles were excluded as the FEV; was not reported as percent-
age predicted values. Five of 10 articles reporting median
%FEV; were included as means could be calculated and are
included in the 59 included studies.

Study characteristics

The characteristics of the included articles are given in online
supplementary tables E1-E4. Studies included subjects born
between 1964 and 2000; their ages ranged from 5 to 23 years
and the preterm-born subjects were born between 24 and
36 weeks gestation. Term-born control groups in general were
of a similar age to the preterm-born children. For the preterm-
born subjects, rates of ventilation and surfactant administration
varied widely.

Risk of bias across studies

Overall, the studies were of moderate quality with scores ranging
from 6 to 19 (median 12). Across the studies there was a moder-
ate risk of selection bias. In 33 studies no information was given
about how gestation at birth was measured, so possibly there was
a high risk of bias in the domain of exposure ascertainment. In
16 studies data were collected retrospectively so exposure ascer-
tainment would not have been independent of outcome status. In
the majority of studies no description was provided about how
outcomes were ascertained, so it was not possible to reliably
judge the potential for risk of bias in this domain.

Synthesis of results

The primary comparison was between preterm-born and
control groups as some of the sources of heterogeneity are
removed by this within-study comparison. In the preterm-born
group without BPD, the mean difference for %FEV; was
-7.2% (95% CI —8.7% to —5.6%) compared with term-born
controls. The comparisons between the BPD and term-born
groups showed larger differences (mean difference for BPD,g
and BPDj34 groups —16.2% (95% CI —19.9% to —12.4%) and
—18.9% (95% CI —21.1% to —16.7%), respectively). The mean
difference for %FEV; was —8.7% (95% CI —11.0% to —6.4%)
for the preterm-born subjects (including BPD cases) compared
with term-born controls (figures 2-5).

Pooling all the data on preterm-born subjects whether or not
there was a control group gave a pooled estimate of the mean %
FEV; of 91.0% (95% CI 88.8% to 93.1%) for the preterm-born
cohort without BPD, 83.7% (95% CI 80.2% to 87.2%) for the
BPD,g group, 79.1% (95% CI 76.9% to 81.3%) for the BPDs,4
group and 89.4% (95% CI 87.0% to 91.7%) for the preterm-
born subjects (including BPD cases) (see online supplementary
figures E1-E4). These differences using 100% as a notional
comparator were slightly larger than when comparing with a
control group. Including studies which estimated means from
the medians had little impact on the results.

Additional analysis

Funnel plots showed a low risk of publication bias. Including
only the higher quality articles made very little difference to the
results (see online supplementary data). We examined the effect
of year of birth, surfactant use and age at lung spirometry on
later %FEV, in the BPD groups only. Age at time of FEV,
testing appeared to have little effect on later %FEV, (data not
shown). Additional information would be obtained from longi-
tudinal studies, but there were insufficient numbers of these
studies to reach a reliable conclusion. There was inadequate data
to examine the effect of surfactant. WFEV; for the BPD,g
group may have improved over the years (figure 6).
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Preterm group Term group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1984 Wheeler 106 17 14 104 15 11 1.4% 2.00[-10.56, 14.56) T
1989 Galdes-Sebaldt  82.37 7.89 30 92 52 27  84% -963[13.07,-6.19] ==
1990 De Kleine 90.34 16.2 65 95 12 39 53% -466[-10.11,0.79] =
1997 Giacoia 85.9 21.8238 12 97.2 159349 12 1.0% -11.30[-26.59, 3.99] —
1998 Gross 98 18 53 97 12 108 5.4% 1.00 [-4.35, 6.35) =
1998 Jacob 85.1 10.8 15 943 8.3 13 37% -9.20[16.29,-2.11] i
1998 Mitchell 85 15 10 91 14 10 1.4% -6.00[18.72,6.72] I
2000 Kennedy 95.4 1.4 76 1021 10.2 82 85% -6.70[-10.08,-3.32] -
2000 Pianosi 83 13 15 90 8 15  3.2% -7.00[-14.72,0.72] —
2001 Doyle 96.7 126 130 1046 13.2 39 6.3% -7.90[1257,-3.23] -
2002 Mieskonen 89.8 13 18 101.7 8.4 14 3.4% -11.90[-19.34,-4.46] r——
2003 Barker 101 15 13 106 11 13 21% -500[15.11,5.11] =1
2003 Kilbride 89 13 34 91 ] 25  51% -2.00[-7.62, 3.62) =
2004 Korhonen 95 14 3 99 11 33 44% -400[10.19,219] T
2005 Baraldi 90.3 15.6 31 1001 12.8 3 3.7% -9.80[-16.90,-2.70) I
2005 Halvorsen 94.7 11.2037 19 986 99494 81 52% -3.90[-9.38,1.58) ==
2006 Doyle 87.1 1.5 151 979 11.8 208 105% -10.80[13.24,-8.36) -
2006 Vrijlandt 99.2 17.9 12 1096 13.4 48  1.8% -1040[-21.21,0.41] [
2007 Abreu 100 14 10 102 15 17 1.7% -2.00[13.23,9.23] —_—
2007 Palta 88 14 206 97 12 360 109% -9.00[11.28,-6.72) ==
2010 Fawke 90 15 53 100 12 161 6.6% -10.00[-14.44,-5.56) S
Total (95% ClI) 998 1347 100.0%  -7.15[-8.73,-5.58] ¢

Heterogeneity: Tau®= 4.61; Chi*= 34.26, df= 20 (P = 0.02); "= 42%
Test for overall effect: Z= 8.89 (P < 0.00001)

-50 -25
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[=1

Lowerin Preterm group Lowerin Term group

Figure 2 Percentage predicted forced expiratory volume in 1 s (%FEV;) of the premature group (no bronchopulmonary dysplasia, BPD) compared

with term control group.

The estimated change per year of %FEV, for the BPD,g group
was 0.57% and 0.01% for the term-born controls. No such
improvement was apparent in the BPD34 group, although there
were fewer studies reporting this outcome (data not shown).

DISCUSSION

Summary of evidence

To our knowledge, this is the first systematic review and
meta-analysis that included all available evidence on later
%FEV, of preterm-born infants with and without BPD,
although a previous descriptive systematic review reported lung
function in adult survivors of BPD.* With increasing rates of
preterm births® and improved survival, it is important to

investigate the long-term consequences associated with being
born during a critical stage of lung development.” Our analyses
show that preterm-born subjects without BPD had moderate
deficits in their %FEV; of approximately —7.2%, while the
BPD,g and the BPD34 groups had greater deficits in %FEV; of
—16.2% and —18.9%, respectively. It is of great interest to note
that there was an improvement in %FEV; over the three
decades in the BPD,g group.

Prematurity is associated with delivery at an immature stage
of lung development, especially for the very preterm-born
infants born at <32 weeks gestation,” but even those born at
<37 weeks are vulnerable to increased rates of respiratory
illness in infancy.® The modern management of preterm-born

BPD group Term group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1984 Wheeler 82 20 11 104 15 11 3.8% -22.00[-36.77,-7.23)
1987 Bader 73 19 10 93 1.3 8 40% -20.00[-34.14,-5.86]
1990 De Kleine 73 17 11 95 12 30 53% -22.00[-32.73,-11.27]
1990 Northway 748 145 25 1004 108 53 7.4% -25.60[-32.00,-19.20) ==
1991 Ahrens 7711 1242 18 78 20 9 40% -0.89[15.10,13.32] =SS T
1895 Santuz 83 13 12 100 8 16 6.4% -17.00[-25.33,-8.67] —
1988 Mitchell 78 21 10 91 14 10 3.6%  -13.00[-28.64,2.64) —
2000 Kennedy 78.4 17 26 1021 102 82 71% -23.70[-30.60,-16.80) —
2000 Pianosi 86 14 17 90 8 15 B6.7% -4.00[-11.79,3.79] ==
2001 Doyle 885 182 39 1046 13.2 39 7.0% -16.10[-23.16,-9.04) I
2003 Barker 90 14 13 106 11 13  58% -16.00[-25.68,-6.32)
2004 Karhonen 90 14 29 99 11 33 7.4% -9.00 [-15.33,-2.67) —
2005 Baraldi 778 128 31 1001 128 31 7.4% -22.30[-28.67,-15.93) —
2005 Halvorsen 86.4 1049 62 986 99 81 8.7% -12.20[15.67,-8.73) -
20086 Vrijlandt 901 198 8 1096 134 48  4.0% -1950[-33.73,-5.27) —_—
2007 Abreu 99 12 13 102 15 17 58% -3.00[-12.66, 6.66] -
2008 Karila 791 193 20 106.3 11.3 18 57% -27.20[-37.14,-17.26)
Total (95% CI) 356 523 100.0% -16.16[-19.90, -12.42] L3
Heterogeneity: Tau®= 38.71; Chi*=54.19, df= 16 (P < 0.00001); F=70% =-50 _255 o 215 50’

Test for overall effect: Z=8.47 (P < 0.00001)

Lowerin BPD group Lowerin Term group

Figure 3 Percentage predicted forced expiratory volume in 1's (%FEV;) of the bronchopulmonary dysplasia (BPD) group (supplemental
oxygen-dependency at 28 days of life) compared with term control group.
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BPD group Term group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1997 Giacoia 727 21131 12 97.2 159349 12 2.0% -24.50[-39.47,-953]
1998 Gross 83 17 43 97 12 108 104% -14.00[-19.56,-8.44) —
1998 Jacoh 63.6 20.6 15 943 8.3 13 3.4% -30.70[-42.06,-19.34] E—
2002 Mieskonen 735 12 9 101.7 8.4 14  51% -28.20[-37.19,-19.21] —
2003 Kilbride 72 15 16 91 9 25 59% -19.00[-27.15,-10.85] —_——
2004 Korhonen 82 13 10 99 11 33 52% -17.00[-25.89,-8.11] ——
2005 Halvorsen 81.4 10.7 24 986 99 81 126% -17.20[-21.99,-12.41] .
2006 Doyle 81.1 137 89 979 11.8 208 18.3% -16.80[-20.07,-13.53) -
2007 Palta 78 13 59 97 12 360 17.1% -19.00[-22.54,-15.46) =
2010 Fawke 80 13 129 100 12 161 20.0% -20.00[-22.91,-17.09) -3
Total (95% ClI) 406 1015 100.0% -18.92[-21.14,-16.70] ¢
Heterogeneity: Tau®*= 4.20; Chi*=14.51,df=9 (P=0.11); F= 38% 5_50 -235 o 255 50’

Test for overall effect: Z=16.74 (P < 0.00001)

Lowerin BPD group Lowerin Term group

Figure 4 Percentage predicted forced expiratory volume in 1's (%FEV;) of the bronchopulmonary dysplasia (BPD) group (supplemental oxygen
dependency 36 weeks postmenstrual age) compared with term control group.

infants, including the routine use of antenatal corticosteroids,
surfactant treatment and gentle mechanical ventilation, has
undoubtedly improved survival, especially of more immature
infants, and has possibly led to improved later %FEV;. Perhaps
not surprisingly, preterm-born infants who develop BPD in
infancy continue to have respiratory function deficits as has
been consistently reported in many studies. However, of particu-
lar note is the improvement in %FEV; for the BPD,g group
over the decades despite survival of increasingly preterm-born
infants. While our data suggest that %FEV; may have improved
in the BPD,g group over the last few decades, the data need to
be interpreted with caution as other factors such as selection
bias of the worst survivors of prematurity and small numbers,
especially for the early studies, may explain the reported lower
%FEV; values. Due to a smaller number of studies, confirm-
ation was not possible for the BPD34 group. One possible factor
for this potential improvement is the introduction of surfactant

which improves lung compliance markedly in the neonatal
period, but insufficient data were available to perform a
meta-regression to assess its role in future lung function.
Barker’s hypothesis postulates that low birth weight as a con-
sequence of fetal undernutrition is associated with respiratory,
cardiac and metabolic disease in adults.””'' However, low birth
weight includes both immature infants of appropriate growth
for gestation and growth retarded infants who may be physiolo-
gically mature at birth. Since the mechanisms that lead to
%FEV, deficits are likely to be different in these two conditions,
it is important to separate these in future studies. In our
meta-analyses, preterm-born subjects without BPD had a deficit
of —7.2%, which is significantly different from term-born
infants. This is an important observation, especially as lung
function is thought to track throughout life. Low lung function
in early life is likely to lead to failure to attain peak lung func-
tion in early adulthood, and we speculate that the natural

Preterm group Term group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1985 Bertrand 1985 76 13.74 22 846 102 3 3.8% -8.60[-15.37,-1.83]
1989 Galdes-Sehaldt 8237 7.89 30 92 52 27 50% -9.63[-13.07,-6.19] =5
1980 De Kleine 87.83 17.33 76 95 12 39 43% -7.17 [12.59,-1.75) ===
1993 von Mutius 98.7 1046 118 1004 1412 2113 54% -1.70-3.68,0.28] -]
1998 Gross 91.3 19 96 97 12 108  46% -5.70[-10.12,-1.28] =
2000 Kennedy 91 149 102 1021 102 82 49% -11.10[14.74,-7.46] —-
2001 Doyle 9482 1442 169 1046 132 38 46% -9.78[-14.46,-5.10] —
2002 Mieskonen 841 143 40 101.7 8.4 14  4.0% -17.60[-23.84,-11.36) —_—
2003 Anand 949 138 128 965 108 128 51% -1.60 [-4.64,1.44] o
2003 Kilbride 85 14 50 91 9 25  43% -6.00 [-11.24,-0.76) =
2003 Mai 92 12 74 95 10 64  49% -3.00[-6.67,0.67) =]
2004 Siltanen 92 131 50 104 8 54 47% -12.00[16.21,-7.79] ==
2006 Doyle 849 127 240 979 118 208 53% -13.00[15.27,-10.73) -
2006 Vrijlandt 954 159 42 1096 134 483  40% -14.20[-20.32,-8.08] —_—
2007 Abreu 99.43 12.61 23 102 15 17 31% -2.57 [[11.37,6.23] e
2007 Palta 86 14 265 97 12 360 54% -11.00[-13.09,-8.91] =3
2008 Smith 85 124 123 95 10.2 34 48% -10.00[14.07,-593) =
2009 Burns 88.98 1347 53 97.73 10.89 51 45% -8.75[-13.45,-4.05] =
2009 Evenson 852 109 37 981 1141 63  46% -12.90[17.36,-8.44] =t
2010 Fawke 83 14 182 100 12 161 52% -17.00[-19.75,-14.25) =
2010 Konefal 95.07 17.54 31 962 202 19 2.4% -1.13[12.11,9.85] . B
2010 Odherg 1068 135 134 1102 142 135 50% -3.40[-6.71,-0.09] —
Total (95% ClI) 2085 3820 100.0%  -8.70[-10.98,-6.42] $

Heterogeneity: Tau®= 24.04; Chi*= 167.27, df= 21 (P < 0.00001); F=87%
Test for overall effect: Z=7.48 (P < 0.00001)

“50 -25 0 25 50
Lower in preterm group Lower in term group

Figure 5 Percentage predicted forced expiratory volume in 1's (%FEV;) of the preterm group (including groups with bronchopulmonary dysplasia,
BPD) compared with term control group.
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Figure 6 Effect of year of birth on percentage predicted forced expiratory volume in 1 s (%FEV;) for the bronchopulmonary dysplasia (BPD) group
supplemental oxygen dependency at 28 days (closed circles) and the term control group (open circles). Weighting was based on two separate
models, one for the BPD,g group and one for the term control group. Weighting was defined by variance which differs for the term control and
BPD,g group. Bubble sizes show relative contributions based on individual weighting of term control and BPD,g group. The E-numbers refer to

references which are given in the online data supplement.

decline in %FEV, from that point onwards will be accelerated
by any additional injuries encountered by preterm-born subjects
may encounter, for example, tobacco smoking. There is increas-
ing interest in the possibility that chronic obstructive pulmonary
disease (COPD) may have its origins in such early life events.'>
Preterm-born children (with and without BPD) may experi-
ence increased respiratory symptoms often reported as asthma
and have increased reported bronchodilator use and increased
health utilisation including hospitalisation, especially in early
childhood."® Children who had BPD in infancy may also have
increased exercise-induced bronchoconstriction and, import-
antly, may have reversible bronchoconstriction at rest, as
recently reported.” ' It is not currently known whether the
deficit in %FEV; shown for preterm-born subjects without BPD
is reversible. We would also have liked to investigate further the
influence of gestational age on later %FEV, but we were unable
to classify the group of preterm-born infants without lung
disease into different gestational groups as data were not avail-
able. It is likely, as we recently reported, that different gesta-
tional groups including the very preterm-born and moderately
preterm-born groups (33-34 weeks gestation) have greater defi-
cits of lung function in later life than those born at 35-36 weeks
gestation.’® 1° In addition, even infants identified as having BPD
will have been exposed to ever-changing interventions and also
changing pathology of ‘old’ versus ‘new’ BPD. Our data on
changes in %FEV, over the last 2-3 decades shows an improve-
ment, which may reflect improvements in the management of
these infants but may also reflect the changing pathology of the
underlying multifactorial disease we recognise as BPD.
Identifying the deficits in lung function is important as children
born preterm may have life-long consequences including being
potential candidates for the development of COPD, especially if

they are exposed to noxious substances such as tobacco smoke
or increased environmental pollution. Furthermore, it is unclear
if the deficits in %FEV; that we have reported are translated
into increased respiratory symptoms or, indeed, are reversible
with bronchodilators. However, it is clear that further studies
are required to determine whether these children and young
adults would benefit from closer follow-up and treatment in
childhood and beyond.

Study limitations

Since some studies did not include a control group but reported
%FEV, against prevalent reference values at the time of publica-
tion, we performed two separate analyses to compare the results
obtained when comparisons with a term-born control group or
with historical reference values were reported. The pooled
effects for the latter were slightly greater and, as expected, there
was greater heterogeneity between the studies as systematic dif-
ferences between populations and methods of calculating pre-
dicted values affect this synthesis. In addition, the reference
values used may not be contemporaneous, changing only every
few decades; and we accepted the reference values used and
have not attempted to standardise them which could be another
source of heterogeneity. As with all systematic reviews, we were
limited by the quality and quantity of information presented in
the included articles. This led us to exclude five papers where
the results were presented as medians. Further studies which did
not report results as percentages of predicted values were also
excluded. In a small number of articles we estimated %FEV;
results from graphically presented data which may have led to
small errors, but these are unlikely to have a major effect on the
findings. We were only able to contact the authors of the
recently published articles, which may be another source of
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bias. The articles included were heterogeneous, as expected.
This could arise for many reasons. The subjects were of differ-
ent ages when FEV; was measured, although age did not appear
to influence %FEV at least for the BPD analyses. An additional
factor that may have influenced the results is the age of the child
at testing as age is independently associated with FEV; (E39).
However, since our initial analyses included only papers con-
taining a control group, this influence of age is unlikely to have
affected our conclusions. Subjects were born in different
decades and treatments have changed over time, which may
have led to cohort effects. For example, in some studies a pro-
portion of infants were treated with surfactant to improve their
infant lung function, survival and prevent lung injury. The
methods for calculating percentage predicted FEV; varied
between studies. We acknowledge that the preterm-born group
containing BPD cases is a very heterogeneous group. The results
from this group should be treated with caution, although they
were broadly consistent with the results in the tightly defined
preterm without BPD population. The other three groups are
defined more precisely and included only preterm-born subjects
from studies which clearly identified the BPD status. We were
therefore able to categorise confidently the preterm-born sub-
jects into groups for analysis.

CONCLUSIONS

This comprehensive systematic review has quantified the deficits
in %FEV/ in later life of a number of different groups of subjects
born preterm and has shown that, even in subjects without BPD,
later %FEV is lower than in the population born at term. Future
research should follow up these cohorts into middle age and
beyond to see if these %FEV, deficits translate into higher rates
of COPD. Efforts should also be made to identify subgroups at
higher risk of poorer lung function in later life and to devise
interventions to ameliorate the impact of being born preterm.
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