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ABSTRACT

AIMS:
To evaluate the association of physical activity (PA) and forced expiratory volume in 1 second
(FEV1), peak oxygen consumption (pVO2), body mass index (BMI) and body composition in

preterm born individuals.

Methods:

Cochrane Library, EMBASE, MEDLINE, AMED, ERIC, Web of Science and PsycInfo were searched
with no restriction on language and date of publication from inception to January 2018. Data
were extracted comparing preterm born individuals with different frequencies of PA and the

outcome of interest.

Results:

One randomized controlled, two longitudinal and thirteen cross sectional studies comprising
1922 preterm born individuals aged 5-25 were included. Assessment varied from a PA program
to accelerometer data, interviews and self-report questionnaires. In preterm born children,
more PA was associated with better cardio-respiratory function in those groups with impaired
lung function or with lower BMI in those groups with increased risk factors, but no association
was found in unimpaired children. In preterm born adults, more PA was associated with higher

pVO2 and lower BMI.

Conclusion:
Only tentative conclusions can be drawn, especially regarding differences of the association of
PA between preterm and term born populations. Further studies are needed to analyse the

association of PA in preterm born individuals with reduced cardio-respiratory function.
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“Key Notes”
1. Lower forced expiratory volume (FEV1) is associated with less physical activity, but
only in preterm born individuals with impaired lung function.
2. The association of physical activity and exercise capacity (pVO2) seems similar in
preterm and term born individuals.
3. Vigorous PA is associated with lower body mass index (BMI) in term but not preterm

born adolescents.



Preterm birth can be regarded as a chronic health condition that has the potential to lead to
functional limitations(1) like intellectual disability, cerebral palsy, other motor problems(2) and
psychiatric conditions(3). Additionally research has shown an increased risk of impaired lung

function(4), reduced cardiorespiratory fitness(5) and more cardio-metabolic risk factors(6).

The World Health Organisation recommends physical activity (PA) to improve cardio-
respiratory function and to lower the cardio-metabolic risk in children(7) and adults(8). The
most frequently reported measure of lung function in relation to PA is the forced expiratory
volume in 1 second (FEV1). Lower values are an indicator for impaired lung function with
obstruction of the lower respiratory system. Higher FEV1 has been found in athletes(9), as well
as in children(10) after a high intensity training. PA is recommended for patients with chronic
obstructive pulmonary disease in line with standard healthy living advice(11) and higher levels
of PA have been associated with a lower age-related decline in lung function(12). Peak oxygen
consumption (pVO2) reflects the cardiorespiratory fitness of an individual and is widely used as
an indicator for health. Cardio-respiratory fitness increases with PA in all age groups although

at younger age pVO2 changes are lower than in adults (13).

Since preterm born individuals have been found to suffer from higher cardio-respiratory and
cardio-metabolic risk they might especially profit from PA as a preventive intervention.
However, the pathophysiologic basis for impaired cardio-respiratory function and increased
cardio-metabolic risk differs in preterm born compared to other populations. For example,
chronic obstructive pulmonary disease is the second most frequent(14) though heterogeneous
pulmonary disease(15) in adults. Smoking related changes are the most common aetiology
while preterm born individuals show a distinct phenotype with possibly an impaired function
of the more proximal conducting airways(16, 17) and/or an alveolar hypoplasia and impaired
vascular development(18) being discussed as aetiologies. Because of this different aetiology

preterm born individuals might react differently to PA compared to pulmonary diseases of



other aetiologies. Regarding cardio-metabolic risk factors preterm and term born adults have
similar body mass index (BMI: weight in kg/height in m?) with a large heterogeneity (19),
however they seem to differ in their body composition with preterm born individuals having
less lean body mass(6). These differences may influence the associations of PA and BMI or

body composition.

Participation in PA is often recommended during follow-up-visits of preterm individuals.
However, it is not clear whether any of the above mentioned health outcomes can be
improved by PA in preterm born individuals. A US study described for example a positive
association for PA and cardio-respiratory function (20) but none were found in a Norwegian
study of preterm born children(21) at age 10. A reduced BMI but increased body fat
percentage (fat mass in kg/weight in kg) has been described with more PA(22) in preterm born
adults. Thus findings on the association of PA with health indicators in the preterm born

population are controversial.

The aim of this systematic review was to assess the association of PA in preterm born

individuals with cardio-respiratory function (pVO2, FEV1) and BMI and body composition.

METHODS

The systematic review was registered on Prospero (registration no CRD42018079736).
Methods were developed according to the recommendations from the Preferred Reporting

Items for Systematic Reviews and Meta-Analysis (PRISMA)(23).

Search strategy

A literature search was conducted in January 2018 and repeated in August 2018. The following
electronic databases were searched: Cochrane Library, EMBASE, MEDLINE, AMED, ERIC, Web
of Science and PsyclInfo. No restrictions were used for language or publication date. The key
words used were as follows: (leisure or recreation or physical activit* or fitness or sport or

motor activit* or run* or swim* or walk* or exercise or game*) AND (low birth weight or



prematur* or preterm*) AND (child* or adolescent® or adult*) AND either (lung or VO2 or
respiratory or aerobic capacity) for cardio-respiratory outcome or (metabolic or body mass or
lean body or fat free or fat mass or body fat) for cardio-metabolic outcome. Duplicates were

removed using the EndNote® bibliographic software.

Study Selection
We included studies of children (age 2 to 17) or adults (age 18 and above) born at a gestational
age of less than 37 weeks that analysed cardio-respiratory function (FEV1, pVO2) or BMI and

body composition with regard to PA. We excluded studies that only reported low birth weight.

Abstracts, editorials, commentaries, letters, and study protocols were excluded but reviewed
for possible references. Titles and/or abstracts of studies retrieved using the search strategy
and those from additional sources were screened independently by two reviewers (JS and RE)
to identify studies that potentially met the inclusion criteria outlined above. Any disagreement
between reviewers over the eligibility of particular studies was resolved through joint
discussion. Inter-rater agreement was high (cardio-respiratory title k=0.95 and abstract k=0.97;
cardio-metabolic title k=0.97 and abstract k=0.91). The full text of these potentially eligible
studies was retrieved and independently assessed for eligibility by JS and RE. Citations were
traced, and where multiple reports of the same cohort existed, the study reporting the largest

sample number was used.

Data extraction and synthesis
Data on the study design, characteristics of the sample (sample size, gestational age, age at
report), form of assessment of PA, and data of the analysed outcome parameter were

extracted from the included studies and recorded in standard data extraction forms.

Quality assessment
JS and RE assessed independently the methodological quality of included studies according to

the modified Newcastle-Ottawa Scale as used by Parkinson et al(19). The modified Newcastle-



Ottawa Scale assesses the quality of case-control or cohort studies in term of the selection,
comparability and outcome assessment. The total rating score ranges from 0 to 7 “stars”, with

7 indicating the highest quality.

RESULTS

The PRISMA flow chart of search results is shown in figure 1. We identified 1979 (cardio-
respiratory) and 1150 (BMI and body composition) publications with another four publications
added after screening of reference lists. A total of 9 studies for cardio-respiratory function and
7 studies for BMI and body composition were included. Data extracted from the studies are
shown in table 1 (cardio-respiratory function) and table 2 (BMI and body composition). A short
summary of findings with regard to the association between PA and FEV1, pVO2, BMI or body

composition is shown in table 3.

The mean score of quality assessment for all included publications was 5.6 (Supplement table

s1).

Assessment of PA

In childhood, PA was measured using objective as well as subjective methods. One randomized
controlled trial(24) examined the effect of a 4 week PA program. Accelerometer data were
used in three studies analysing three different outcomes (25-27). The amount of vigorous PA
was determined via interview analysing two different outcomes(20, 28). All other studies in
childhood used different instruments giving times or duration per week with exercise,

participation rates in club sport or activity ratings compared to peers.

In adults, PA was determined via questionnaires giving times or duration per week of PA(22,

29, 30) with only one study differentiating the intensity of PA(31).

Since PA was assessed in a heterogeneous manner across the different studies it was not
possible to conduct quantitative analysis on data to perform a meta-analysis. Data are

presented as a systematic review.



Cardio-respiratory function
Studies reporting on correlations between PA and pVO2 or FEV1 included preterm born
individuals from 5 to 25 years (table 1). Detailed descriptions of each study and their results

are shown in supplement table S2 and S3.

FEV1

No association of PA and FEV1 was found in studies of preterm born individuals with a FEV1
within the normal reference range. Barcelona(24) was the only study that randomized preterm
born children (age 5) with Bronchopulmonary Dysplasia (BPD) to a group-PA program twice a
week for four weeks. FEV1 improved in the intervention group, but pre- and post-intervention
AFEV1 did not differ significantly between intervention and control group. ALSPAC(25) was the
only longitudinal study included in this review and no significant correlations between PA at
age 11 (accelerometer data) and FEV1 at 8 years(32) was found in any gestational age group
analysed. The Norway 91(21) (age 10) and SIENA(33) (age 16) studies with children and the

Norway 82(29) with adults (age 25) found no association between frequency of PA and FEV1.

The PILOT (age 8), DEX-Trial (age 9) and CARDIFF-Study (age 10) analysed preterm born
children with a median FEV1<85%. The Dex-Trial and CARDIFF-Study showed a moderate
correlation with a better FEV1 in children engaging in more PA(20, 34). The PILOT study(35)
reported no correlation of PA and FEV1. However, the correlation analysis relied on 11 children
while FEV1 was assessed for the whole group of 15 children and no missing-value analysis is
shown. Therefore, it is unclear, whether the group analysed truly represented children with a

median FEV1 below 85%.

Separate analysis of preterm and term born children for the association of PA and FEV1 was

not shown in any study.



pvo02
In preterm born children, two studies analysed groups with normal pVO2. In neither study

(PILOT Study(35) (age 8), NORWAY 91(21) (age 10)) was PA associated with pVO2.

In preterm born children, two studies analysed groups with reduced cardio-respiratory fitness.
Barcelona(24) analysed the effect of a 4-week randomized controlled PA program using the
incremental shuttle walk test(36) in preterm born children with BPD (age 5). The EPICURE
cohort(26) analysed the correlation of accelerometer data with pVO2 (age 11). Both studies

showed better cardio-respiratory fitness in children engaging in more PA.

In preterm born adults, the NORWAY 91(30) and NORWAY 82(29) study reported a positive
association of PA and pVO2 in very preterm and term born controls at age 18 and 25 but did

not state the effect size.

Separate analysis of preterm and term born individuals for the association of PA and pVO2 was
shown in two childhood(21, 26) and two adult studies(29, 30) with similar effects in preterm

and term born groups.

BMI and body composition
Studies reporting on associations between PA and BMI or body composition in preterm born

individuals included participants aged 11 to 23 years (table 2). Detailed descriptions of each

study and their results are shown in supplement table S4 and S5.

BMI

In preterm born adolescents with normally distributed BMI neither the GROWMORE-Study(27)
(age 16) nor the Forsyth Study(28) (age 15) found an association of PA and BMI. The
GROWMORE-Study showed results for moderate but not for vigorous PA. In preterm adults
with normally distributed BMI the HeSVA(22) study found that higher frequency of PA showed

an association with a lower BMI.



10

In preterm born cohorts with increased rates of obesity, two studies analysed the association
of PA and BMI. The MLS (37) analysed longitudinal data for PA between age 8 and 11 in
preterm born children and controlled the outcome (obesity/overweight) for birth weight. The
Wave VIl (31) analysed preterm born adults. Both studies reported association of less PA with
higher BMI. In the child cohort the obesity risk was doubled in physically in-active children, the

adult study reported a small effect size of more PA on BMI.

Separate analysis of preterm and term born individuals for the association of PA and BMI was
only shown in the Forsyth Study(28). While in preterm born adolescents no association of PA
and BMI was noted, term born adolescents showed a moderate association of more vigorous

PA and lower BMI.

Fat mass
The Oklahoma study(38) found a higher fat mass but also higher lean body mass in all
physically active preterm born children. However, this was confounded by age and the

association disappeared after adjusting for age.

Body fat percentage

In preterm adolescents, the Forsyth study(28) reported a moderate association of more
vigorous PA and lower body fat percentage. In preterm born adults, the HeSVA study (22)
found the opposite: a lower frequency of physical activity was associated with a lower body fat

percentage.

Fat mass index

The Forsyth(28) (age 15) and CIKL study(39) (age 11) reported a small to moderate association
of higher physical activity level with lower fat mass index (FMI: fat mass in kg/height in m?) in
preterm and term born adolescents while the GROWMORE study(27) (age 16) reported no
association of accelerometer data and FMI with a cut off at moderate activity levels (>2294

counts/ minute).
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Separate analysis of preterm and term born individuals for the association of PA and body-
composition was only shown in the Forsyth Study(28) and similar in preterm and term born

groups for body fat percentage and FMI.

DISCUSSION

Preterm born individuals make up 10.6% of birth world-wide(40) and they are prone to
adverse cardio-respiratory outcomes (4, 5) and increased cardio-metabolic risk factors(6). Even
though the benefits of physical activity are propagated in health policies(7, 8), this systematic
review reveals a paucity of studies with preterm populations. Furthermore, large variations by
age, not comparable measurements of PA, missing data of not significant correlations and
missing effect sizes precluded quantitative meta-analysis. Since most studies used a cross
sectional study design, it was also not possible to determine the direction of the association
between PA and the health variables. The included studies reported mainly on very preterm
born individuals and comparison across the different gestational age groups was not possible.
The only comorbidity frequently controlled for was BPD. However, coordination disorder(2)
occurs at an increased rate in the preterm population and thus might also influence
participation in PA(41) and the association of PA with health outcomes. Overall, there was
weak evidence that PA improves cardio-respiratory function or BMI or body composition in the
preterm population. Due to the methodological limitations, results need to be interpreted

cautiously.

This systematic review showed that observed differences depended on the age group analysed
for the association of PA with BMI and body composition. While there was no association
between PA and BMI (27, 28) for preterm born children or adolescents, more PA was
associated with lower BMI(22, 31) in preterm born adults, with a similar effect size as
described in the general adult populations(42). Pooled twin studies have shown that the
heritability of BMI decreases with age, while the influence of environmental factors increases

with age(43), which might explain these age related results. This is supported by conflicting
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evidence about the association of PA and BMI in childhood in general (44-46), while data in
adults show an association of lower BMI with more PA (47). In longitudinal adult studies PA has
been shown to decrease BMI(48), while longitudinal childhood studies showed reverse
causality with obesity leading to inactivity (49). Therefore, data reported in preterm studies

included in this review are consistent with the existing literature in the overall population.

Observed differences of the association of PA in childhood with FEV1, pVO2 and BMI were
sample dependent. All studies in preterm born children with an abnormal distribution of the
outcome parameter showed a correlation of PA with FEV1(20, 34) or cardio-respiratory
fitness(24, 26) or BMI(37). Preterm born children with FEV1 below the reference range have an
impaired lung function most likely due to either alveolar hypoplasia and impaired vascular
development or an impaired function of the more proximal conducting airways(17). The
direction of the association is unclear and longitudinal studies are warranted. The association
might be bidirectional as has been described in cystic fibrosis where the degree of pulmonary
impairment influences participation in PA(50) but at the same time those with more
participation in PA show a slower decline of lung function (51). Only one study(35) reported a
mean FEV1<85% and did not find an association between PA and FEV1. However, due to high

rates of missing values and no missing value analysis, study findings are uncertain.

Most preterm studies showed a reduced FEV1 compared to reference values or the term
control group as is consistent with the literature(4). However, a reduced FEV1 within the
normal reference values did neither seem to limit PA(25) nor did it seem to be improved by PA
as analysed in cross sectional studies. Similarly in adolescents with healthy lung function(52)
no association of PA with FEV1 was seen and children with asthma did not differ from non-
asthmatic in PA(53). However, an already marginally reduced FEV1 in childhood in the preterm
born population increases the risk for early pulmonary decline. Therefore, it would be

important to investigate whether the decline due to aging can be influenced by PA in preterm
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born individuals with marginally reduced FEV1 similar to the effect seen in cohort studies(12).

These studies need to be designed to cover decades instead of years.

The association between PA and outcomes was rarely analysed separately for preterm and
term born groups. It might suggest that findings for those born preterm and full term of the
associations of PA with pV02(26, 29, 30) do not differ. Just one study(28) analysed the
association of PA with BMI/body composition. Here a difference was noted regarding BMI but
not body fat percentage or FMI. These observed differences in BMI require replication. Until
more data are available the association of PA with BMI or body composition should be

analysed stratified by gestational age groups.

This review was limited by the variety of PA assessments. Future studies should assess
frequency and intensity(54) for all outcomes as well as type of PA (endurance versus power or
skill sport (9, 11)) for FEV1. Children unlike adults have more difficulty with recall ability for
self-reported PA questionnaires(55). Therefore, vigorous PA might be better quantified during

childhood by accelerometer(56) than by a questionnaire.

CONCLUSION

There is a surprising paucity of studies of the association of PA and cardio-respiratory function
or BMI and body composition in preterm children. Only tentative conclusions are possible and
more studies are needed that measure PA in a standard and comparable format. Preliminary
results indicate that more PA is associated with less obesity/overweight or lower FMI in
preterm born children and higher pVO2 or lower BMI in preterm born adults. Preterm born
individuals with reduced FEV1 engage in less PA than full term born and longitudinal studies or
RCTs are needed to determine the direction of this association. Association of PA and body
composition are dependent on age of measurement as well as preterm birth and stratified

analysis is recommended. On current evidence paediatricians should follow the WHO
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recommendations of 60 minutes moderate to vigorous PA per day(7) also for preterm children

with impaired lung function.

Abbreviations
BMI body mass index

BPD  bronchopulmonary dysplasia

FEV1 forced expiratory volume in first second
FMI  fat mass index

PA physical activity

PT preterm

pVO2 peak oxygen consumption

CONFLICT OF INTEREST/FUNDING

The authors have no conflict of interest to declare. JS was financed by a research fellowship
from the DFG (Deutsche Forschungsgemeinschaft) grant no: SP 1731/1-1 and RE, MM and DW
supported by the European Union’s Horizon 2020 research and innovation program under

grant agreement No: 733280



15

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Holsti A, Adamsson M, Hagglof B, Farooqi A, Serenius F. Chronic Conditions and Health
Care Needs of Adolescents Born at 23 to 25 Weeks' Gestation. Pediatrics 2017; 139 2.
Brown L, Burns YR, Watter P, Gibbons KS, Gray PH. Motor performance, postural
stability and behaviour of non-disabled extremely preterm or extremely low birth
weight children at four to five years of age. Early Hum Dev 2015; 91 5:309-15.

Johnson S, Wolke D. Behavioural outcomes and psychopathology during adolescence.
Early Hum Dev 2013; 89 4:199-207.

Kotecha SJ, Edwards MO, Watkins WJ, Henderson AJ, Paranjothy S, Dunstan FD, et al.
Effect of preterm birth on later FEV1: a systematic review and meta-analysis. Thorax
2013; 68 8:760-6.

Edwards MO, Kotecha SJ, Lowe J, Watkins WJ, Henderson AJ, Kotecha S. Effect of
preterm birth on exercise capacity: A systematic review and meta-analysis. Pediatric
Pulmonology 2015; 50 3:293-301.

Kajantie E, Hovi P. Is very preterm birth a risk factor for adult cardiometabolic disease?
Semin Fetal Neonatal Med 2014; 19 2:112-7.

WHO. Information sheet: global recommendations on physical activity for health 5 - 17
years old. World Health Organization 2011.

WHO. Global Recommendations on Physical Activity for Health: 18-64 years old. World
Health Organization 2011.

Durmic T, Lazovic Popovic B, Zlatkovic Svenda M, Djelic M, Zugic V, Gavrilovic T, et al.
The training type influence on male elite athletes' ventilatory function. BMJ open sport
& exercise medicine 2017; 3 1:e000240.

Rosenkranz SK, Rosenkranz RR, Hastmann TJ, Harms CA. High-intensity training
improves airway responsiveness in inactive nonasthmatic children: evidence from a
randomized controlled trial. J Appl Physiol (1985) 2012; 112 7:1174-83.

Bolton CE, Bevan-Smith EF, Blakey JD, Crowe P, Elkin SL, Garrod R, et al. British
Thoracic Society guideline on pulmonary rehabilitation in adults. Thorax 2013; 68
Suppl 2 Suppl 2:ii1-30.

Nystad W, Samuelsen S, Nafstad P, Langhammer A. Association between level of
physical activity and lung function among Norwegian men and women: the HUNT
study. The International Journal of Tuberculosis and Lung Disease 2006; 10 12:1399-
405.

Armstrong N. Top 10 Research Questions Related to Youth Aerobic Fitness. Res Q Exerc
Sport 2017; 88 2:130-48.

Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for 328
diseases and injuries for 195 countries, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. The Lancet 2017; 390 10100:1211-59.

Postma DS, Bush A, van den Berge M. Risk factors and early origins of chronic
obstructive pulmonary disease. The Lancet 2015; 385 9971:899-909.

Duke JW, Gladstone IM, Sheel AW, Lovering AT. Premature birth affects the degree of
airway dysanapsis and mechanical ventilatory constraints. Experimental Physiology
2018; 103 2:261-75.

Yammine S, Schmidt A, Sutter O, Fouzas S, Singer F, Frey U, et al. Functional evidence
for continued alveolarisation in former preterms at school age? Eur Resp J 2016; 47
1:147-55.

Hilgendorff A, Reiss |, Ehrhardt H, Eickelberg O, Alvira CM. Chronic Lung Disease in the
Preterm Infant. Lessons Learned from Animal Models. American Journal of Respiratory
Cell and Molecular Biology 2014; 50 2:233-45.



16

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Parkinson JR, Hyde MJ, Gale C, Santhakumaran S, Modi N. Preterm birth and the
metabolic syndrome in adult life: a systematic review and meta-analysis. Pediatrics
2013; 131 4:e1240-63.

Nixon PA, Washburn LK, Mudd LM, Webb HH, O'Shea TM. Aerobic fitness and physical
activity levels of children born prematurely following randomization to postnatal
dexamethasone. The Journal of pediatrics 2011; 158 1:65-70.

Clemm H, Roksund O, Thorsen E, Eide GE, Markestad T, Halvorsen T. Aerobic capacity
and exercise performance in young people born extremely preterm. Pediatrics 2012;
129 1:e97-e105.

Kajantie E, Strang-Karlsson S, Hovi P, Raikkonen K, Pesonen AK, Heinonen K, et al.
Adults born at very low birth weight exercise less than their peers born at term. The
Journal of pediatrics 2010; 157 4:610-6, 6 el.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015; 4 1:1.

Morales Mestre N, Papaleo A, Morales Hidalgo V, Caty G, Reychler G. Physical Activity
Program Improves Functional Exercise Capacity and Flexibility in Extremely Preterm
Children With Bronchopulmonary Dysplasia Aged 4-6 Years: A Randomized Controlled
Trial. Archivos de Bronconeumologia 2018.

Lowe J, Watkins WJ, Kotecha SJ, Edwards MO, Henderson AJ, Kotecha S. Physical
activity in school-age children born preterm. The Journal of pediatrics 2015; 166 4:877-
83.

Welsh L, Kirkby J, Lum S, Odendaal D, Marlow N, Derrick G, et al. The EPICure study:
maximal exercise and physical activity in school children born extremely preterm.
Thorax 2010; 65 2:165-72.

Tinnion RJ. Growth and metabolic outcomes in children born preterm: the Growmore
study [M.D.Thesis]. Newcastle University: Newcastle University; 2016

Redman H. Body composition and physical activity in adolescents born with very low
birth weight [Master of Science]. ProQuest Dissertations Publishing: Wake Forest
University; 2014

Clemm HH, Vollsaeter M, Roksund OD, Eide GE, Markestad T, Halvorsen T. Exercise
capacity after extremely preterm birth. Development from adolescence to adulthood.
Ann Am Thorac Soc 2014; 11 4:537-45.

Clemm HH, Vollsaeter M, Roksund OD, Markestad T, Halvorsen T. Adolescents who
were born extremely preterm demonstrate modest decreases in exercise capacity.
Acta Paediatr 2015; 104 11:1174-81.

Sharafi M, Duffy VB, Miller RJ, Winchester SB, Huedo-Medina TB, Sullivan MC. Dietary
behaviors of adults born prematurely may explain future risk for cardiovascular
disease. Appetite 2016; 99:157-67.

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.

Franchi S, Fommei C, Strambi M. Long-term outcome of bronchopulmonary dysplasia
and sporting performance: Follow-up in seven adolescents. Gazzetta Medica Italiana
Archivio per le Scienze Mediche 2015; 174 7-8:321-9.

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.
The Journal of pediatrics 2013; 162 4:813-8 el.

Takken T, van Haastert IC, Scholman WL, Block AJ, Eijsermans MJC, de Vries LS, et al.
Aerobic capacity and its relationship with pulmonary function, muscle strength,
physical activity and motor competence in preterm born children: The PREMAFIT-pilot
study. [References). International Journal of Child and Adolescent Health 2010; 3
3:403-11.



17

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Lanza Fde C, Zagatto Edo P, Silva JC, Selman JP, Imperatori TB, Zanatta DJ, et al.
Reference Equation for the Incremental Shuttle Walk Test in Children and Adolescents.
The Journal of pediatrics 2015; 167 5:1057-61.

Gaskins RB, LaGasse LL, Liu J, Shankaran S, Lester BM, Bada HS, et al. Small for
gestational age and higher birth weight predict childhood obesity in preterm infants.
Am J Perinatol 2010; 27 9:721-30.

Giacoia GP, Venkataraman PS, West-Wilson Kl, Faulkner MJ. Follow-up of school-age
children with bronchopulmonary dysplasia. The Journal of pediatrics 1997; 130 3:400-
8.

Fewtrell MS, Lucas A, Cole TJ, Wells JC. Prematurity and reduced body fatness at 8-12 y
of age. Am J Clin Nutr 2004; 80 2:436-40.

Chawanpaiboon S, Vogel JP, Moller A-B, Lumbiganon P, Petzold M, Hogan D, et al.
Global, regional, and national estimates of levels of preterm birth in 2014: a systematic
review and modelling analysis. The Lancet Global Health 2019; 7 1:e37-e46.

Wocadlo C, Rieger I. Motor impairment and low achievement in very preterm children
at eight years of age. Early Hum Dev 2008; 84 11:769-76.

Mustelin L, Silventoinen K, Pietilainen K, Rissanen A, Kaprio J. Physical activity reduces
the influence of genetic effects on BMI and waist circumference: a study in young
adult twins. Int J Obes (Lond) 2009; 33 1:29-36.

Silventoinen K, Jelenkovic A, Sund R, Yokoyama Y, Hur YM, Cozen W, et al. Differences
in genetic and environmental variation in adult BMI by sex, age, time period, and
region: an individual-based pooled analysis of 40 twin cohorts. Am J Clin Nutr 2017,
106 2:457-66.

Oliveira A, Monteiro A, Jacome C, Afreixo V, Marques A. Effects of group sports on
health-related physical fitness of overweight youth: A systematic review and meta-
analysis. Scand J Med Sci Sports 2017; 27 6:604-11.

Cesa CC, Sbruzzi G, Ribeiro RA, Barbiero SM, de Oliveira Petkowicz R, Eibel B, et al.
Physical activity and cardiovascular risk factors in children: meta-analysis of
randomized clinical trials. Prev Med 2014; 69:54-62.

Lavelle HV, Mackay DF, Pell JP. Systematic review and meta-analysis of school-based
interventions to reduce body mass index. J Public Health (Oxf) 2012; 34 3:360-9.
Piirtola M, Kaprio J, Waller K, Heikkila K, Koskenvuo M, Svedberg P, et al. Leisure-time
physical inactivity and association with body mass index: a Finnish Twin Study with a
35-year follow-up. Int J Epidemiol 2016; 46 1:116-27.

Pietildinen KH, Kaprio J, Borg P, Plasqui G, Yki-Jarvinen H, Kujala UM, et al. Physical
inactivity and obesity: A vicious circle. Obesity (Silver Spring, Md) 2008; 16 2:409-14.
Metcalf BS, Hosking J, Jeffery AN, Voss LD, Henley W, Wilkin TJ. Fatness leads to
inactivity, but inactivity does not lead to fatness: a longitudinal study in children
(EarlyBird 45). Arch Dis Child 2011; 96 10:942-7.

Savi D, Simmonds N, Di Paolo M, Quattrucci S, Palange P, Banya W, et al. Relationship
between pulmonary exacerbations and daily physical activity in adults with cystic
fibrosis. BMC Pulm Med 2015; 15 1:151.

Schneiderman JE, Wilkes DL, Atenafu EG, Nguyen T, Wells GD, Alarie N, et al.
Longitudinal relationship between physical activity and lung health in patients with
cystic fibrosis. The European respiratory journal 2014; 43 3:817-23.

Smith MP, von Berg A, Berdel D, Bauer CP, Hoffmann B, Koletzko S, et al. Physical
activity is not associated with spirometric indices in lung-healthy German youth. The
European respiratory journal 2016; 48 2:428-40.

Cassim R, Koplin JJ, Dharmage SC, Senaratna BCV, Lodge CJ, Lowe AJ, et al. The
difference in amount of physical activity performed by children with and without
asthma: A systematic review and meta-analysis. Journal of Asthma 2016; 53 9:882-92.
Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen |, et al. Systematic
review of the relationships between objectively measured physical activity and health



18

55.

56.

57.

indicators in school-aged children and youth. Applied Physiology, Nutrition, and
Metabolism 2016; 41 6:5197-5239.

Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical Guide to
Measuring Physical Activity. Journal of the Academy of Nutrition and Dietetics 2014;
114 2:199-208.

Nascimento-Ferreira MV, De Moraes ACF, Toazza Oliveira PV, Rendo-Urteaga T, Gracia-
Marco L, Forjaz CLM, et al. Assessment of physical activity intensity and duration in the
paediatric population: evidence to support an a priori hypothesis and sample size in
the agreement between subjective and objective methods. Obes Rev 2018; 19 6:810-
24.

Ruiz JR, Cavero-Redondo |, Ortega FB, Welk GJ, Andersen LB, Martinez-Vizcaino V.
Cardiorespiratory fitness cut points to avoid cardiovascular disease risk in children and
adolescents; what level of fitness should raise a red flag? A systematic review and
meta-analysis. BrJ Sports Med 2016; 50 23:1451-8.



19

Figure 1: PRISMA 2009 flow diagram of literature search. (A) cardio-respiratory outcome, (B)
BMI or body composition outcome

Table 1: Summary of studies included in systematic review on the association between physical
activity and cardio-respiratory function

PT: preterm; FT: full term; EP: extremely preterm; VP: very preterm; MP: moderately preterm; LP: late preterm;
VLBW: very low birth weight (<1500g); pVO2: peak oxygen consumption; FEV1: Forced expiratory volume in 1
second; GA: gestational age given as mean (+SD) or median (25th-75th centile). ISWT: incremental shuttle walk test,
IG:intervention group with PA program, CG: control group. Nixon giving GA and age as median (5th-95th centile).
PA: physical activity, MVPA: accelerometer data moderate to vigorous activity; EEE: estimated energy expenditure;
DEX: treatment group receiving dexamethason postnataly

Table 2: Summary of studies included in systematic review on the association between physical
activity and BMI or body composition

BPD: bronchopulmonary dysplasia; PT: preterm; FT: full term; VLBW: very low birth weight (<1500g); VP: very
preterm; LMP: late or moderate preterm; BMI: Body mass index; FMI: fat mass index; BF%: body fat percentage;
LBM: lean body mass, FM: fat mass; GA: gestational age given as mean (xSD) or median (25t-75t% centile) for the
preterm born group. Redman giving GA and age as median (5th-95th centile); PA: physical activity, inadequate PA
(<5x30min. per week at >2 visits age 8,9,10 or 11); PA level CIKL: compared to peers (less, same, more, much more),
Oklahoma: sedentary (sed.), moderately active (mod.), active.

Table 3: Summary of associations of physical activity in preterm born children and adults for
FEV1, pVO2, BMI and body composition

PA: physical activity. FMI: Fat mass index

labnormal FEV1: median/mean of the analysed group below 85% predicted.

2abnormal pvV0O2: mean/median <39ml/kg/min (or for boys 42ml/kg/min, for girls 35 ml/kg/min)(57), ISWT
mean<75% predicted.

3abnormal BMI: median/mean >25kg/m? in adults, or >% overweight or obese children.

4the reported mean FMI or body fat percentage of the study group was never above the 85th centile for the
respective age group; therefore, none of the studies were classified as “abnormal” distribution of body
composition.

Effect sizes are given if they could be classified with the available data.

Table S1: Modified Newcastle-Ottawa scale for study assessment of methodological quality

Stars were awarded if the study met the specified criteria (highlighted in light gray). The total rating score ranges
from 0 to 7 “stars”, with 7 indicating the highest quality.

Table S2: Physical activity and FEV1: description of included studies and their results
Table S3: Physical activity and pVO2: description of included studies and their results

Table S4: Physical activity and body mass index: description of included studies and their
results

Table S5: Physical activity and body composition: description of included studies and their
results



