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Can exercise training rescue the adver se car diometabolic effects of
low birth weight and prematurity?
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Summary prematurely may pxent or reduce the detrimentalfedts

) ~ of being born small. Both issues represent important
1. Being born pre-term and/or small for gestationa}|inical and public health questions.
age are well-established rislactors for cardiometabolic Although mean birth weight in Australia has not

disease in adulthood. _ _. changed significantlyver the past 30 years, the percentage

2. Physical activity has the potential to Miéi® of pahies born small or LBW (defined as <2,500g)
against the detrimental cardiometabolic effects of lirth  ;,ra55ed by 19.6% from 1980 to 2008 and accounted for
weight from tvo perspecties: a) maternabxercise prior 10 g 794 of all births in 2000(Figure 1). These data concur
and during prgnany and b) eercise during childhood or it those from the US, shing a 21% increase in LBW
adulthood for those born small or prematurely. babies in the period from 1980 to 2002nterestingly the

3. Evidence from epidemiological birth cohort,mper of macrosomic babies weighing more than 4,000g
studies suggests that thefeets of moderate intensity accounted for 12.1% of all births in 2008 in Australia, an
physical activity during prgnang on mean birth weight are jncrease from 11.0% in 199¢Figure 1). The birth weight
small, but reduce the risk of either high awlbirth weight  gistribution has thus broadened, putting greater numbers of
infants. Incontrast, wgoro_us/Ngh_ intensityxecise durl_ng babies at thex¢remes and at eleted risk of both perinatal
pregnang has been associated with reduced birth weight. orhidity? and later life cardiometabolic disedseThe

4. In childhood and adolescencexesise ability is  reasons for the increasing pance of LBW are likely due
compromised in xiremely lav birth weight indviduals {5 the inter-related factors of increasing maternal*gee
(<1,00Qg), it pnly marginally reduced in those of verylo ¢ assisted-reproduet &chnology (AR),!* as well as
to low birth weight (1,000-2,500g). _ . adwances in neonatal intemsi are wer the past 40 years,

5. Epidemiological studies shothat the association which hae reduced the limit of fetal viability to around 24
between birth weight and metabolic disease is lost {Jeeks gestation (term = 40 week%)On the other hand
physically fit indviduals and consistenflythat the e rising prealence of macrosomic babies relates to high
association between vio birth weight and metabolic maternal BMI and gestational diabetes associated with

syndrome is accentuated in unfit individuals. maternal insulin resistance and fetadmutrition 1415
6. Physical activity intervention studies indicate that

most cardiometabolic risk factors respond xereise in a
protectve mannerindependent of birth weight.

7. The mechanisms by whiclxercise may protect
low birth weight individuals include restoration of muscle
mass, reduced adiposignhanced3-cell mass and function
as well as effects on both aerobic and anaerobic mustg o
metabolism, including substrate utilisation and2&
mitochondrial function. Vascular and cardiac adaptations ®
are also likely important, but are less well studied.
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Introduction

ercentage o

Being born pre-term and/or small for gestational ag® .
(SGA) are well-gstabhshed risk factors for_ metab(_)_llc an 1975 1980 1585 1980 {995 2000 2005 2010
cardiovascular disease in adulthodd. Physical actvity
throughout the life-course contributes to thevpnéion of
metabolic and cardiascular disease in the general

population, and may mitigate aigst risks associated with .
. : . . either less than 2,500g (LBW) or redhan 4,000g (HBW)
low birth weight (LBW) from twp perspecties. Firstly in Australia from 1980 to 2008,

maternal physical activity both prior to and during

pregnang may impact on birth weight, timing of deéry

and later disease progressioBecondly physical actvity Studying the décts of lifestyle factors from birth to
during childhood or adulthood for those of LBW or borrdisease onset, and ultimately death, presents significant
challenges to current epidemiological, clinical and
experimental approaches. These challenge® ima doubt

*  These authors contributed equally to the manuscript. led to a focus in the literature on the interactions between

Year

Figure 1. Percentge d babies (all births) born weighing
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exacise and LBW in relation to metabolic endpoints whictendothelium dependentasodilatatio®®32 and autonomic
manifest earlier in life and generally precede casioular functior?>33-3% are also likely to contrilte to improed
complications. Afurther limitation is the frequent absenceoutcomes.

of birth weight information in relation to gestational age, In addition to greater life xpectancy® and a
which would allev the effects of pre-term birth to bereduction in cardigascular mortality moderately and
distinguished from the effects of intrauterine wgilo highly active individuals live nore years free of diabetes
restriction. Thisreview will thus focus on metabolic risk in than their sedentary counterpatts? With regard to
relation to LBW rgardless of the cause, including theimprovement in glycemic control, resistance training
effects of physical aatity during prggnany and ptysical provides particular benefit for middle aged to elderly people
activity in LBW individuals throughout life. The latter will with type 2 diabete®*! with mechanisms relating to
include discussion of whether LBW influences propensitgreater insulin sensitivity secondary tofeefs on body

to exercise and xercise ability and finally responses tocomposition, including an increase in lean body mass
exacise training, their mechanisms and impact oand/or a reduction in fat ma¥s*3With regard to effects on
development of cardiometabolic disease. muscle, aerobic and resistancereise may contribute to
elevated glucose disposalia different mechanismsThe
major effect of resistance training is an increase in muscle
ass without an alteration in the intrinsic capacity of the
uscle to respond to insulffhiin contrast, aerobic training

Exercise and cardiometabolic risk

In the general population there is compellingi:

epidemiological evidence associating self-reportegsichal . . .
activity with a significant reduction in all-cause andenhances glucose disposal independently of changes in

cardiovascular mortality® This is a strong dose-responsénUSCIe mass or aerobic capacisyggesting an intrinsic
pcrease in muscle glucose consumpfidrrurthermore,

relationship, which becomes steeper with increasing ado . . N, : . .
Furthermore, walking throughout the day provides aditi oth aerobic and resistance training likely increase insulin
' sensitvity through concomitant decreases in visceral and

benefit to purposeful moderate to vigorousreisel’ The . . .
Purp g gbdominal subcutaneous adipose tigéde.

Aerobics Centre longitudinal study supports suc | | derate intensit bi d
relationships between reported physical \agti and __In summary regliar moderate Intensity aerobic an
resistance  xercise  provide  protection  agst

mortality with objectvely measured aerobic fitness, i o . .
demonstrating higher maximal oxygen consumptioﬁard'ometabOI'c disease in the general population through
vglell—established mechanisms.

(VO,max) in association with lower death rates across
wide range of ages from 20 to 82 ye#¥s. Exercise during pregnancy

There has been a recent shift in physicalvigti
research to include reducing and breaking up sedentary The importance of maternal lifestyle and bebars
time in addition to purposeful physical atty. In the US for fetal health is well recognisedVith respect toarcise
National Health and Nutrition Examination Seyv habits during pmgnangy and impact on birth weight,
(NHANES) and Australian Diabetes, Obesity and Lifestyleonsideration must be \@n to the type, intensity and
(AusDiab) cohorts, objeattly-measured total sedentarytiming of the &ercise during prgnangy. The diferential
time was detrimentally associated with cardiometabolic rigkifects of these»ercise variables on birth weight must be
factors, whereas interruptions or breaks in sedentary timéeaned from a variety of scientific approaches ranging
(transition from sedentary to an aetidate for at least 1 from lamge birth cohort studies to randomised inggrion
min) were beneficial in relation to cardiometabolic antrials. Whilelarge cohort studies can pide insight into
inflammatory  biomarkrs1®2° Interestingly these the effects of physical autty on a population b,
relationships persist after accounting for purposefihtervention trials are necessary to dissect out the effects of
moderate to vigorous aetiy, suggesting that frequent short execise modality dose (intensityduration and frequeng
breaks in sedentary time may impart independent benefisd timing during pgnang. Available data permit broad
This has recently been substantiated in an acute émigon conclusions on the issue of physical activity during
trial where interrupting sitting time with short bouts ofpregnang and birth weight. Hwvever, lifestyle intenention
either light- or moderate-intensity alking lovered studies inolving pregnany are associated with significant
postprandial glucose and insulirvéés in overweight/obese challenges and limitations resulting in clear evideregesg
adults?* Animal studies provide useful additional insight,

The mechanisms contributing to the cardiometaboligarticularly in rgad to fetal programming and
risk reduction afforded by physical activity Vea bkeen development of metabolic and cardiascular disease in
extensively studied. Well-controlled «ercise interention offspring of eercise-trained mothers.
and animal studies fi@ supported the epidemiology . . ]
through elucidation of plausible mechanisms, which includ¥aternal exercise and birth weight
cardiac, ascularmetabolic and neural adaptatiorStudies
by our team h& mrvincingly demonstrated that aerobic
training impraves multiple risk factors including blood
pressure, plasma lipids and blood gluc&s¥ Adaptations
in large artery biomechanical propertf€%; conduit \essel

Pre-pregnanc maternal fitness, timing, intensity and
frequeny of exercise as well as daily leisure time or
occupation-related pisical activity during prgnany all
have the potential to influence birth weightBoth
experimental and observational cohort studies suggest that
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regular low to moderate intensity physical adty A recent study in a Hispanic cohort found that
generally does not influence mean birth weight of @women in the highest quartile for aailiving habits, which
population (Table 14548 In particular there is consistent included walking or cycling to and fromonk, school and
evidence that light to moderate intensityeecise (55-75% errands in mid-pgnang and less teléision viewing had a
age-predicted maximum heart rate (HR)) duringgpeecy decreased risk of SGA compared to those in theedb

is not associated with an increased risk of being boacttvity quartile5® However, high intensity &ercise in mid-
SGA#9-51 Rather population studies suggest thaguéar, pregnang was associated with an increased SGA §sk.
low to moderate intensity pfsical activity reduces the risk This is supported by smaller cohorts in which well-
of babies born at the extreme ends of the birth weight rangenditioned recreational athletésor healtly women
For example, Juhlet al®2 found in their study of 79,692 continuing a program of vigorous weight-bearing aerobic
pregnancies from the Danish National Birth Cohort a smad#ixacise in late gestation hadwer birth weight babies
reduction in risk of both SGA and & for gestational age compared with acte gge-matched controls. Other studies
(LGA) offspring of eercising women compared to non-in previously sedentary women, thatgbe weight-bearing
exacisers. Inthis study exercise habits were documentedexeacise programs during pgeang found that birth weight
at 16 and 31 weeks of geany and modalities included either increaseff, or did not changé*%8 These diferential
low-impact actiities, such as dancing, alking/hiking, effects may relate toattors including maternal fitness and
yoga and antenatal aerobics through to swimmingsliag, physical activity intensity/frequency/duration prior to
horseback riding and high-impact adies, like jogging, pregnang.

ball games and racquet sport#Another study using More intense xercise programs during myaang in
National Maternal and Infant Health Sew data from animals can affect both fetal gvth and litter size
9,089 women also confirmed a proteetdfect of rgular (revieved by Gorski, 198%5). Strenuousexeacise in
leisure time physical activity during ppeany aganst pregnant animals has been well-documented to redetz
LBW outcomes? weight as shown in mic€, rats/>72 guinea pig& and

Consistent with human data, birth weight isgoats’* Animal studies provide mechanistic insight
unafected when healthwell-nourished rodents participate suggesting that intens&eecise may restrict placental blood
in mild to moderate intensityxercise programs during flow causing fetal nutrient restriction anggdoxia’? The
pregnang.>* Further mild training in conjunction with greater fetal nutrient demand and placental mass during the
malnourishment during pgeany indicates that the fefct latter half of prgnang and particularly in the third
of diet on birth weight predominatesvep the training trimester likely explains the fact thatxercise during this
effect®® Training may howeve, dtenuate the impact of a period can hee a sibstantial effect on birth weight.In
low-protein diet on the gweth rate of rat dbpring®® fact, exercise confined to early pgeany in humans
Models of voluntary xercise in the rat may be useful forincreased the parenchymal component of the placenta, total
future studies of the effects ofecise during prgnangy on  vascular wlume and site-specific capillary volume and
the deelopmental origins of health and diseas¢éowever, surface area. Whereasxeecise throughout pgmancy
current animal studies are limited andeoflittle insight increased these and other histomorphometric parameters
into the association between maternaéreise and birth associated with the rate of placental perfusion and nutrient
weight in humans. transfer functiory?

Exercise intensity and timing during greang have A recent study in 84 heaithnulliparous vomen
been most comprehemsly examined by Clapp and suggested that regular aerobixereise (home-based
colleagues, particularly in prospeetidsenational cohort stationary gcling program) from gestational week 20 to
studies2”®® Continuing vigorous weight-bearingecise  delivery, through its effects on impving maternal insulin
(running, aerobic dance and cross-country skiinggensitivity may influence dbpring size by rgulating
throughout prgnany led to a reduction in mean birth nutrient supply to the deloping fetus?® Here eercise was
weight of 509§% and 310§’ compared to sedentary associated with reduced umbilical cord concentrations of
women. Incontrast to moderate intensityysical actity, insulin-like gowth factor (IGF)-I and IGF-Il compared
high-intensity or vigorousx@rcise continuing into the third with offspring of non-gercisers, resulting in lower mean
trimester of human pgmang in the cont&t of either sport birth weight, lut not SGA births, suggesting an influence of
or agricultural work has been associated with reduced meaxacise on endocrine gelation of fetal grath*° Babies
birth weight, but generally not enough to be classified @ mothers who continued toercise vigorously into the
SGA135259-64|nteractions with ethnicity and eimonment third trimester were leanewith no loss of muscle mass,
(e.g. nutrition) are also important considerations as higbompared to those who continued with a moderate intensity
intensity physical actity during prgnang is associated program, or ceasedxecise after the second trimestér
with LBW in Indian babie§2% but not in urban, l&w These data suggest a high volume of moderate-intensity
income, black women in the USRThe potential effects of weight-bearing xercise in mid- and late pgaangy reduces
exacise modality €.g.jogging versusswimming) hae rot fetoplacental growtherall, but supports delopment of
been e&plored in these epidemiological visstigations. lean tissue.Whether sut efects on body composition at
Another potential confounder has been that ynainthese birth impact on adult cardiometabolic health remains to be
cohorts of vemen were self-selected, rather thanested.
randomized.
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In summary moderate intensity xercise during gestational age at dedry. The «ercise program consisted
pregnang may reduce the risk of babies born at thef supervised aerobic dance and strength training for 60
extreme ends of the birth weight range. High-intensity aminutes, twice per week from 24-36wks of gestatid\o
vigorous eercise, particularly during the third trimesterdifference in length of gestationas reported in this
generally leads to a reduction in mean birth weighstudy®* Other studies h& dso shown no relationship
Finally, exercise during prgnany may influence endocrine between physical activityxercise and gestational &§&6-8°
regulation of fetal grasth and promote an increase in theagain highlighting the challenges of interpreting these

ratio of muscle to adipose tissue mass. studies gien the mary inconsistencies in methodologies.

_ ) In summary reqular moderate intensity xercise

Maternal exercise and pre-term birth throughout prgnany may protect aginst pre-term
In the US, the pralence of pre-term birth (defined delivery.

as delery before 37 weeks of gestation) has risen tponger term effects of maternal exercise on the next
approximately 12.5%\@r the last twenty yeaféand is the %eneration

leading cause of neonatal and infant morbidity an
mortality.”® The latest data from Australia reported that in There is a lage body of evidence demonstrating the
2009, 8.2% of babies were born pre-térnLength of influence of theén utel ervironment on postnatal gagh.
gestation is obviously a potential mechanism wherebyhe link between size at birth and adult disease has been
maternal gercise might indirectly influence birth weight ~ confirmed by may research groups across feitnt
is possible that both the beneficial effects of modera&hnicities; in general the association between small size at
intensity eercise in protecting agnst birth weight birth and adult disease is secondary to thesldpment of
extremes and the detrimental association between vigorooisesity in adolescence and adulthood due to rapid “catch-
exacise in late prgnany and LBW may be underpinned up” growth in infang (revieved by Barler, 1999%).
by the effects ofxercise on the length of gestation. Therefore, the &cts of maternal »>ercise on

A protective dfect against pre-term birth was foundcardiometabolic risk of the offspring may not be solely
with both leisure time physical activity throughoutattributable to effects on birth weightytbalso to effects on
pregnang in two well-powered Brazilian studié8® as postnatal grath, an independent risk factor for later
well as with first trimester vigorous agty.8 A more disease. Arecently published wéew found that rgular
recent rgiew included studies from 1987 to 2007 and founderobic &ercise during prgnang elicits maternal and fetal
that although the associations betweeysptal activity and adaptations that ka the potential for both posie¢ and
pre-term birth were not strong, recreational or leisure-timeagative health outcomes for offspring, although it appears
activities performed mgularly provides some protectionthat the effect of xercise on offspring size at birth may
agpinst prematurit§? It was also pointed out that theoccur primarily at the upper end of the birth weight ratige.
evidence is confounded by mamethodological flaws. Thus, rgular xercise may be particularly important for

It has been suggested that vigorowsr@ise during oveweight and obese mothers, who are more at risk of
the second and third trimesters of gmany may increase having macrosomic babies with increased risk for
the risk of pre-term delery. Whilst a systematic meta- developing later  obesity and  cardiometabolic
analysis reported an increased risk of pre-term birth in tltemplicationst»15
exgcise group, there as no woerall effect on mean Whilst physical activity during pmany may
gestational age and the increased risk mag haen biased benefit both mother and fetus; mode, intendityqueny,
by post-randomisation exclusion ofomen with pre-term duration and timing of>ercise are important determinants
labor® Duncombe and colleagues examined tHects of of its direct or indirect éécts. Fetaleffects may include
intense gercise on birth weight and gestational age in 148ecreased gwth of adipose depots, impred dress
recreational xercisers. Onlyfour women in the studyaye tolerance, and adwced neurobehavioral maturation
birth prematurely with two of these ercising into the (revieved by Clapp, 2008). Clapp et al. found that
second trimesterTherefore, it vas concluded thatxercise although continuing vigorous xercise into the third
was ot a contributing dctor howeve it was noted that trimester resulted in a reduction in mean birth weight
other risk factors such as maternal age, socioecononi®00g), this difference was lost by 1 year of &ye.
status, diet and obstetric complications were not accountédrthermore, dépring of eercised mothers are leaner and
for.8* Another group studied 5,749 healtbregnant vomen have a letter neurodeslopmental outcome at 5 years of
who competed in spostersusthose who did notWomen age?® Long-term follow-up of the health consequences for
who engaged in moderate to tgdeisure time pwsical the offspring of women who perform vigos eercise
activity versus sedentary women showed a significanthyduring preghancy is required.
reduced risk of pre-term deéry. The authors therefore It is plausible that xercise during prgnang could
concluded that there was a strong association betwegmogram later health outcomega fetal DNA adaptations
sedentary lifestyle and pre-term dety.8> The most recent such as histone modificatidfisor via increased global
randomized controlled study as in 105 sedentary DNA methylation?® Physical activity has been sha to
nulliparous pregnant women, whickaenined the effect of influence such epigenetic mechanisms to control gene
a apervised xercise-program on birth weight and expressior®*% However, post-pubertal, adult and
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intergenerational effects of maternateecise on dfspring also &ercised less than their NBW counterparts in a cohort
remain to be studied. In the absence of medicaf normal weight (BMI[22 kg/nf) LBW participants.
contraindications, women should be encouraged to establstter accounting for socioeconomic adtors, body
regular moderate physical adgty patterns as per current composition and presence of impaired lung function total
guideline$5-%° prior to prgnany and to maintain these leisure time activity as well as frequgnauration and
during prgnany in  consultation  with  their intensity of eercise were lwerl® No studies hee
physician/obstetrician. definitively explained wl participation rates fall after
In summary exercise during prgnangy could childhood. Havever, analler body size and late maturation
program later physiological and pathological outcomes @re known to delay delopment of motor skills and reduce
offspring and subsequent generations, with def@iti sporting pravessi®® Such factors may play a role in

mechanisms yet to be elucidated. perpetuating a vicious cycle to explain the reduced
) S participation in phsical activity of LBW individuals after

Exercise throughout lifein individuals born small or childhood.

pre-term Based ondence sailable in younger adult VLBW

8horts and clear evidence of reducedr@se capacity
throughout life (detailed subsequently) it seems reasonable
to speculate that activity vels from young adulthood
through to old age remain reduced in LBW compared with
NBW individuals. Thudar, howeve, the only human study
to examine this has been a cross-sectional analysis of 65-75
year olds, which indicated that intuals with a birth
weight of less than 3,000gercisedmore frequently than
those with a birth weight of more than 3,0004.This
Effects of LBW on the amount of exercise performed in lat@palysis vas based on an interaction betweer@se
life frequeng and birth weight in cohorts geggated for those
with and without type 2 diabeted.BW subjects in this
Prior to and during early adolescenstl§ years of study also appeared to benefit froxereise to a greater
age) the amount of pblcal activity in which children extent, prompting the authors to suggest a ‘sigh\of the
engage does not appear to be linked to being born smallfitest’ phenomenon whereby fitter LBW indiuals
generaf%1% or being born xtremely pre-tertf? (Table exacised more, with a consequent lovige effect. From
2). In a mhort of etremely premature (<25 weeks) 1lawailable evidence it is thus difficult to determine tHeet
yearolds, in spite of impaired lung function and reducedf LBW on eercise habits in the elderlyA study in
aerobic eercise capacitythe same amount of psical animals, hwever, supports the finding of higher agity in
acti\/ity was recorded as full-term childré??. This flndlng association with LBW Q']Q/vmg from ear|y adulthood
is congruent with four separate, large and varied cohog0-100 days) to middle-old agEl(year) growth restricted
compiled by Ridgwy et al.'®* in which a small number of (LBW) rats are more habitually aeti han control rata%
participants werexeluded from each cohort due to beingGiven the psychosocialattors associated with yical
born less than 1,500gn one of these cohorts, the Pelotagctivity in human LBW cohorts, rodent models may not be
cohort from Brazil, no exclusion of VLBW children jdeal for understanding long term trends in humarviagti
resulted in the same finding¥. They also suggested that |evels throughout life. While not a primary outcome
low activity levels in adolescence were not related to birthheasure of the studyhe Hertfordshire Physical Awgtty
weight, but were related to female gendemigh Trial may elucidate the relationships betweg@mysical
socioeconomic status andvés of actvity in early activity levels and birth weight in older individuat&?
childhood (1-4 years of age). In this Brazilian cohort lo In summary prior to adolescence, the amount of
socioeconomic statusas related to increased activity duephysical activity in which children engage is not kmukto
to increased leels of non-leisure time adfity; this is often  pjrth weight, whereas in adolescence participation in
contrary to previous studies in other populations in whichhysical activity is reduced in LBW indiduals. Thereare

there is little demand for manual labour inwer insuficient data to determine whether LBW influences
socioeconomic status communitié3. Regardless, it iIs physica| activity patterns in mid and later life.

apparent that factors related to early habit formation are the _ _
most important predictor of later childhood activityde Effects of LBW on physical work capacity

and birth weight is not a significant contributor. o . : : .

From %id-adolesce%ce oavd. in contrast to In LBW individuals, diferences in habitual ghkical
younger children, participation in physical activity jsActvity levels compared to NBW cohorts only appear from
reduced in ELBW* and VLBWA®® individuals compared early teenage years onwards, whereas ELBVWithdials

with normal birth weight (NBW) (Table 2)Furthermore, &€ reduced ability to perform arious eercise tasks,
data obtainedvia suneys of airrent participation in whether primarily aerobic/endurance or waw/strength

organized sports, ELBW 16-19 year olds reported |est%aseq, from ea'LtrIy.chiIdhood "f[(m? 2I)II This iﬁg;cii;n in
participationt® VLBW young adults [20-22 years of age) SX®¢IS€ capacily IS apparent at all ages eheeen

The long term consequences of being born small a
the ability of eercise to mitigate such effects are clearly
related to the serity of prematurity or growth restriction.
The preentive and therapeutic potential of psical actvity
in LBW individuals will also depend on inteelated &ctors
including propensity toercise, &ercise ability and the
physiological responses toxercise bouts, particularly
effects on cardiometabolic risk factors.
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reaction time and

VLBW children aged 5-7 years,

neuromuscular

examined to date.

reducééd.

also
Interestingly this may explain the drop fofn exercise

are

coordination

With reggard to aerobic capacitytwo gudies hae
reported no dferences in maximal oxygen uptakvhether

expressed relate  body weight or in absolute terms) in participation soon after this age due to thetfthat poor

whether SGA oability in comparison to peers in sporting pursuits is a

VLBW. 10111 Fyrther these tw dudies both reported barrier to participatiod®'1* ELBW children in this age

LBW children and adolescents,
reductions

mechanical figéng during group also hee reduced anaerobic xercise capacity

gross

in

submaximal gercise, and most other studies indicate som@Vingate testing) compared to NBW childréa.

degree of impairment in aerobic capacityn ELBW and

Impairments in xercise capacity in ELBW and
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VLBW children and adolescents include reduced aeroband specifically a reduction in the relatiproportion of
capacity whether expressed in absolute or reaterms® glycolytic fibres may alsoxplain observed reductions in
or indirectly estimatedvia an incremental >@rcise test®* isometric force dedopment in the hind-limb flexors of
(Table 2). Multiple indices of muscular power andnewborn LBW pigletsi?® This is supported by reductions
endurance are also redut¥d'’ (Table 2). The common in phosphocreatine concentration, phosphocreafiife:A
theme in these latter studies compared with an earlier stugdyio and the ATP:ADP ratio in VLBW infant muscf.

by Baraldi et alll® is the presence, or not, of chronic LBW also influences metabolic signalling cascades
bronchopulmonary disease in some participants, a commaffecting substrate utilisationFor example, the glucose
affliction, particularly in the Ilwest birth weight transporter GLUT4 is reduced in skeletal muscle of LBW
categories1® Based on evidencevalable it is not possible individuals!?® While a small reduction in total GLUT4 is
to determine for certain whethén the absence of impaired probably not implicated in reduced maximal capacity for
lung function, VLBW indviduals retain normal xercise glycolysis in skletal muscle, it certainly raises the
capacity compared to NBW subject3his is especially possibility that other proteins essential for regulation of
relevant since a lung disease-free SGAIt(mot VLBW) enegy metabolism during xercise are décted. Of
cohort had reduced running economy (oxygen cost velatiparticular relgance, one study in gwth restricted adult

to body mass for a gén submaximal steady state runningrats?® and another in meborn mice following maternal
speed), indicate d a functional, lnt not clinically releant  protein restrictio®*° shaved reduced expression of proteins
impairment in the sketal muscle and/or cardiascular and genes responsible for mitochondrial biogenesis and
systems® Studies of VLBW children support this function. Thelatter, howeve, reported that citrate synthase
reduction in mechanical fefiency while cycling, but only actiity in the muscle of these newborn mice exposed to

in those diagnosed with chronic lung diseHde. protein restrictionin utero was ot different to control
In summary exercise capacity is impaired to somemicel3 A separate study in young adult LBW men found
degree in LBWVLBW and ELBW individuals. no difference compared to age-matched NBW subjects in
) ) o either mitochondrial flux or oxida& gene &pressiont3!
Mechanisms for altered exercise capacity in LBUBW Results from sheep studies are conflictingamding the

and ELBW individuals effect of LBW on gene and protein expression of insulin

Human and relent animal studies consistently signaling and glucose transport related raeskin slkletal
report reduced muscle mass and a corresponding increasg]}hsc'.e aftelr birth.On one hand, insulin receptor prote!n
relative fat mass in VLBW indiiduals15119122 |n adult WS higher in the muscle of 3 week old LBW lambs in
§ njunction with an up-regulation of PI3Kinase,

LBW rats both red and white muscle fibres are small&P
L s
(cross-sectional area) than in control animés. AKT2/protein kinase B and GLUT#2 Whereas four to

Corticosteroids used to treat chronic lung disease in LB Weeks afFer b'.rth' De_l?algsei _al.shcwed a r_eductlon n
individuald?* may also induce muscle atroph® While whole body insulin sensitivity with a concomitant decrease

| |ati | ; - Iin skeletal muscle insulin receptorinsulin receptor
ower relae muscle mass may provide a simple. o " RS1) AKT2 and  GLUT4  mAN
explanation for the observation of reduce®yhax in a3 PP .

ELBW individuals, maximal oxygen consumption iSex;:)ressmril. Consequentlyit is difficult to determine the

maintained in VLBW individuals (in the absence of chroniéOIe of substrate transport and maximal mitochondrial

bronchopulmonary lung disease) despite reduced mus¢flUMe OF capacity in the impairment ofeecise capacity
mass. n LBW individuals.

This apparent disparity between muscle mass and The disparity h.ighlighte.d earlie[ between animal and
maximal oxygen consumption in LBW individuals mawumlan st;@esd gadll]ng_ habltuatlj acultyl Ievgls may .be
relate to effects on muscle fibre type composition. IHarty_exp aine y the increased muscie o @pacity
humans &st/fpe Il (white, glycolytic) muscle fibres associated with LBWIn LBW animals with no pulmonary

i impairment or sociological influences, increased oxidati

develop later in gestation (>30 weeks) thanvsltype | . . . . .
(red, oxidawe) fibresi?® As a result LBW is often capacity may promote increased quantity efdo intensity
' activity. In humans, hwever, impaired lung function

associated with a greater proportion of oxiatfibres. ’ . - . L
g brop associated with LBW may restrict physical wityil'8

This has been demonstrated inwbern growth restricted L L . :
piglet hind-limb flexor*?? and adult rat soled&® muscles Thus, despite increased muscle oxidatiapacity aerobic
which contain a greater proportion of wldype | fibres gerfotrman(;:e mday b.e Ilowetr. I'rt] VLBW gnd I?‘BWI humans
than in controls.A relative increase in the proportion of 24 10 r€ tuce d gls(;ca 3: ity secon .?%’2,185 Ql_uhmo_nary
oxidative fibres would be expected to contribute to a palrmentan re tugeb em?e dca}pa;: '1%3 I<IjSEISL’BW
increase in intrinsic oxidate apacity of LBW skletal nNowever, not supported Dy a study In 3-1> year o
muscle. This is consistent with the obsgion by Baraldit individuals who had significantly=R0%) reduced absolute
/min) and relatre (ml/kg body mass/min) maximal

al.110 of a greater oxygen consumption per kg of bod . :
weight at a gien submaximal vorkload in SGA children xygen gptak oo_mpared with NBW controls, independent
of chronic lung disease statti§.

(reduced running economy). It may alsglain why LBW | tential hani f ltered

individuals can achie a mrmal VO,max despite reduced n sumnjtar;_/ FEOB\?\? !ad' fgecl an|sr|nz ?br a erte

muscle mass. Thus thefeft of LBW on fibre type ratio exacise capacity In indviduais inciudeubare not
restricted to: reduced muscle mass, increased intrinsic
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oxidative apacity and impaired lung function. pancreaticp-cell mass, but further studies are required in

) o ) o relation to potential cardi@scular benefits.
Effects of exercise training on adult cardiometabolic risk

factors in LBW individuals Conclusion

As discussed ale, reqular eercise training is well Studying the interactions between physical vétgti
known to protect from cardiometabolic disease, and mokBW and adult disease poses significant challenges.
studies suggest this holds true for LBW induals. In Despite these challenges and the resulting evidence gaps in
general, &ctors known to be dysregulated as a result dfie literature, it is still possible to gain insights into the role
being born small are respowsi b exercise training. physical activity may play in mitigating against both LBW
Physiological mechanisms that may be implicated includeabies and the risk of such infants for cardiometabolic
restoration of muscle mass, pancrediicell mass and disease in later life.
function, vascular and cardiac muscle adaptations as well as During pr@gnang, regular moderate intensity
effects on both aerobic and anaerobic muscle metabolisexecise has no significantfett on mean birth weight, nor
including substrate utilisation and mitochondrial functionis it associated with intrauterine grth restriction or pre-
Although there is limited \ailable information, some term birth. In &ct, moderate intensityxercise appears to
conclusions can be dea from the small number of studiespromote birth weight within the normal range by reducing
published. the risk of both SGA and LGA births. This is an important

Epidemiological studies indicate that older membseration given the current birth weight trends in
((B0-65 years) born small e devated fasting insulin and Australia which hae sen increases in the proportion of
glucose, but that this association is lost in members of tbheth small and large babiesvep the past 20 years.
cohort that are physically fit andegcise often'®7:134 |n  Lifestyle programs encouraging prospeetinothers to
two <separate study cohorts, when adolescents weaehiese gtimal physical actity patterns and BMI prior to
segrgaed into lav and high levels of physical actity, a pregnang as well as maintaining a moderatevée physical
significant iverse relationship was observed between thactvity program during pmgnany may help to reerse
HOMA-IR index and birth weight in the M activity current birth weight trends and the associatedatts in
groups, which was lost in the high aitlf groups®® These the cardiometabolic risk of fsfpring. Eercise-induced
obsenations are refuted by a recent study of 9-15 year oldscreases in placental volume may be ey Kactor in
where there was novielence for a loss of the associationoptimising fetal nutrition and birth weight.
between birth weight and indices of the metabolic Exercise capacity in LBW individuals appears to be
syndrome when adjusted for ydical fithess in 1,254 largely preserved,xeept in ELBW individuals who he
individuals!®® These data imply that LBW is a majorclear deficits in xercise capacity Despite this, pysical
contributor to the phenomenon of “non-respondersactvity has been shown to Y& benefit across a broad range
individuals who do not impre health as a result of of birth weights and may help tovecome deelopmental
exacise training'®13’ Given this lak of congruencethe delays. Whileexacise ability is a strong psychosocial
small number of studies conducted and absence dadterminant of lifelong >ercise participation, it is not
interventional studies in humans, raawrk is required. possible to dna firm conclusions as to whether birth

Studies using animal models are, elikhose in weight impacts on adult physical activity patterriEhe
humans, lav in number but favaur the concept that awailable data indicate that early habit formation during
physical activity can impree metabolic health in LBW childhood is probably more important than birth weight in
individuals, and provide some causal mechanistic insighttrms of lifelong rercise habits.

In growth restricted rats,xercise only during weaning to For those born small who participate ingudar
early adulthood (5-9 weeks of age) resulted in both shagtysical actvity, the epidemiology generally suggests that
(immediately after cessation of the training program) arntiis ameliorates the ela@ed cardiometabolic risk of LBW
long term (15 weeks after cessation of trainingRestoration of muscle mass together with reduction in
improvement in pancreaticB-cell mass, which was adiposity are important mechanisms accounting for
otherwise depleted in growth restricted anim&fs. improved peripheral insulin sensitity. Together with
Likewise, a similar training program reducedting insulin  restoration of pancreati-cell mass, these effects of
to control leels in growth restricted rats, along withexecise likely protect against insulin resistandecell
decreased hepatic glucose production during a glucdsdure and deelopment of type 2 diabeteBoth aerobic
tolerance test, and decreased area under the ¢oren and resistance training are well documented to reduce
insulin tolerance test compared with control f8fsFuture  multiple cardioascular risk &ctors in the general
studies in animal models of LBW wouldwde valuable population. Suchactions likely also ha relevance in
insight into the potential for training-induced inggement LBW individuals, but as yet the interactions between LLBW
in cardiometabolic health, andeseachers should focus on physical actvity and future cardigascular risk remain to be
gold-standad measues of whole body and tissue-specifiexplored. The application of ddces sub as
insulin sensitivity and cardiovascular function. accelerometey and inclinometes to assess habitual activity

In summarythere is evidence to suggest thatreise in LBW cohorts ategular intervals aer the life couse,
in LBW individuals can impree insulin sensitivity and together with carefully controlled intervention trials er

110 Poceedings of the Australian Physiological Society (2@82)



A.L. Siebel, A.L. Cay & BA. Kingwell

needed to further unl@cthe interactions between physical
activity and birth weight. In the meantime, initiates
directed to increasing phical activity could hae particular
health benefit for those of LBW and also for thésmfing
of physically actie nothers.
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