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Abstract

Teenage pregnancy is associated with numerous health risks, gotimgpwomerandto

infants, and may contribute to entrenchedial inequalitiesReducing igh rates of

teenage pregnancy may be an effective target for action to reduce ineqBsitesen

1990 and 201,8UK countriessawrelatively high ratesf teenage pregnancypmpared

with other European higimcome countries. A promineirttervention in response toetbe
observationsvas Engl andds Teen@aneforbhreteiged to asche St r
Strategy) which was launched in 1999 acdstE280macrosslO yearsof implementation.
Across theStrategy periodhere wasa 51% reduction in unddi8 pregnancy rates between
1998 and 2014. Thetrategy was hailed as a success asa model for other countries to
follow. However, researchers have questioned this conclu$ieifieativenessMy

analyses first examine the range of plausible hypothesised causetJdfthes f al. | i n ¢
| construct an initial causal tree of interventions and changes in social determinants
presented iprominentsexual healthiteratureand hypdhesised to be causative of falling
pregnancy rates. | use this tree to inform a systematic literature search of prior reviews of
teenage pregnancy prevention. | synthesise the evidence presented of both the effectivene
of each cause and the exposuréhef UK population using modified Bradford Hill criteria.

| use this evidence to construct an updated causal tree. | present this causal tree as a
summary of potentially testable causal pathways to determine the contribution of each to
the observed fallingates in the UKI then conductmevaluation of theffect of the

Strategyon teenage pregnancy ratesse two natural experimental methoabsaddress

potential biases and triangulate between datasets, outcomes and methods. Using controlle
interrupted time series models, | compare England ub8i@regnancy rates with Scotland
and Wales from 1992016. Changes iménds in Englandt 1999closelymatchthose in
Scotland (0.08 fewer pregnancies per 1000 women per year in Englaf{o 0.59) and
Wales (0.14 more pregnancies per 1000 women per year in Engladftifo 0.76)In my
second analysis, | use synthetic control models to congtredicted undef 8 birth rate

and undei20 pregnancy rate trends in England from data faratBparableountries.

Across all models and sensitivity analyses, controls saw similarly falling teenage birth and
pregnancy rates in the absencehef Strategyl conclude thathe Strategy had little or no

ef fect o rteenBgpedgnanoydaies. Future policy approaches to preventing
teenage pregnancy should not rely on reproductionecStrategyo achieve similar

results. Further investigation shoulcekéo understand the true causefatliing pregnancy

rates This thesis demonstrates the value of robust public health policy evaluation and the

importance of achieving accurate estimates of the effeetpolicyon its target outcomes.
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Chapterl I ntroducti on

1.10verview of chapter

In my introductory chapter, | lay out how the topideénage pregnancy is conceived as a
public health priority leading to interventions with pregnancy rate reduction as a goal. |
then draw out how concerns with the impact of high pregnancy rates on health and social
inequalities prompted the introductiontbeé Teenage Pregnancy Stratelggnceforth

referred to as the Strategyhighlight some of the questions askedha Strategy s

approach and its evaluation, and how these prompt wider questions of what the
hypothesised causes of changing rates of teepaggnancy are. | then discuss outcome
evaluation and the natural experiment methods which | will use to evaheaftrategyl

close by summarising the proposed value and impact of the output of this thesis, in both
setting out the plausible hypothesiscauses to be tested and providing a robust estimate of

the Strateg§ s contri but i on teenage prégpanomtess er ved f al |

l2Teenage pregnancy as a public

In recent decadeacross several higincome countrieteenage pregnandyasbeen
conceptualised as a public health probteauiringpreventative action. Childbearing at
adolescence is associated with numerous health risks, both to mothers and infants. Teenac
pregnancies are more likely to be unintentional than are aduhligregWellingset al,

2013) Unplanned pregnancies are more likely to end in abortion, may present greater
health problems and disadvantages to young woargtresult ingreater cost to society
(Glasier and Wellings, 2012Additionally, teenagers undergoing pregnancy and maternity
face greaterrisksdaf o t hei r o wn saealdthan doeaduttsSuchhproblems e n 0
includematernal anaemia, pexlampsia, infant mortality, piterm labour, and longer and
more difficult labour(Irvine et al, 1997; Social Exclusion Unit, 1999)eenage mothers
experience worse rates of poor mental healtltjdey and substance use problems than
nonparenting teenage(slodgkinsoret al, 2014)

Early pregnancy is more common among women from poorer families,-piaigat
households, areas of greater deprivation, and those born to teenage(paneatst al,

1997; Social Exclusion Unit, 1999; Information Services Division Scotland, 2018a
Teenagers with a previous pregnancy are up to five times more likely to experience rapid

repeat pregnancié€salk et al, 2006) Teenage parents are more likely to face barriers to
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further education, employment or training, and may require greater social support for
parent and child health, positive famiblationships, and income and housing support
(Bradley, Cupples and Irvine, 2002; Letourneau, Stewart and Barnfather, 60dgates
of teenage pregnancy prevention as a public health priority proposedhation in rates
couldimprovethe healttoutcomes of young womemdinfantsandreducehealthand
social inequalitiegSocial Exclusion Unit, 1999; World Health Organization, 2020)

1.3 Measurainmlg c o mpparreignngancy r at es

In pregnancy prevention responses, prevention of the conception itself is commonly the
primary goal(Social Exclusion Unit, 1999; Glasier and Wellings, 2012; Mitchell, Wellings
and Zuurmond, 2012Y o0 measure the effectiveness of an intervention or approach, an
accurate measure of the rate of conceptions to teenagers would be a preferred outcome.
However, as a conception may result in maternity (live birth of one or more child), still
birth, spontaeous miscarriage or abortion, conception rates themselves are difficult to
measure accurately across a population. Across vital statistics reports, global estimates an
journal published measurements of teenage pregnancy, | encountered several apjroaches
recording prevalence. Summations of pregnametgted outcomes across a population

were often stratified by age to produce outcome @atesss the broad category of

Ot eeneaegegr.6 categorising by aged 6Under 16
Savices Division Scotland, 2018a; Office for National Statistics, 2(R8ports of

pregnancies in crossountry comparisons most commonly usedrds of births to teenage
women t o c¢al c uThiametic doesdditake achount a pregleneirding

in abortion and stillbirth, which may vary between countries and therefore may give biased
estimates of true rates of conception. However, as abortion and stillbirth data may not be
equally reliable or complete across countrigsregarding therand using solely measures

of births as an outcome may allow more reliable international compafiSedghet al,

2015; Max Planck Institute for Demographic Research, 204/8grereliabledata

recording abortionand still birthsareavailable, thesean beused alongside birth statistics

to estimate totalpegnanci es and pr oWithirctlee UK, fodipstareg n a n
recorded dates of birth of women and weeks of gestation at birth, still birth or abortion are
used to calculate pregnancy rates by age at concéptformation Services Division

Scotland, 2018a; Office for National S#tics, 2019)The UK approaciecan accountor

differing patterns of pregnancy outconasoss time and between countries. This measure
allows a closer look at the rate obnceptions by accounting for the most common
observable results of a teenage paegy(Sedghet al, 2015)



When estimating pregnancgtesglobally across recent decadésw-income countries

tend to show higher rates, whilst higitome European countries havengeally shown

lower rategSedghet al, 2015; Paton, Bullivant and Soto, 2020; World Health
Organizaton, 2020) Amongst highincome countries, several Englispeaking countries,
including the UK, saw sustained high rates of teenage pregnancy across the 1990s and
early 2000gPaton, Bullivant and Soto, 202@t their most recenpeak in 1998, England
saw 47 pregnancies per 1,000 women ageti7l5cotland saw 45 per 1,000 and Wales 55
per 1,00QInformation Services Division Scotland, 2018a; OfficeNational Statistics,
2019)

When comparing und€20 birth rates across countridise teenage pregnanmport
presented to parliament by the Social Exclusion (r#99)showed that rates of ks to
women aged under 20 in the Ukom 1973 to 1996vere consistently higher than those in
all other Europeahigh-incomecountries (HICs). Severalf theseEuropean HICs had
seen rapid declines mumbers of births to teenagehsough the 1970s and 1@8 This
effect was not seen to the same extent in thg&t€ial Exclusion Unit, 1999, fig. 3The
report additimally highlighted that ther Englishspeaking HIC§ Australia, Canada, New
Zealand and the U.S.A.experienced similarly high rat€Social Exclusion Unit, 1999,
fig. 2). In my own data examining both births and abortions to u@ieyl also observed
that the UK had shown distinctly high rates across the period 1990 to 2000 compared to
similar countries, with no cé explanationKigurel-1). The comparably higher rates in
UK countries have been cited a reason for action poevent teenage pregnanc{&scial
Exclusion Unit, 1999; Hadley, Ingham and Chanrlsliauli, 2016; Ma, 2016)
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Figure 1-17 Under-20 pregnancy rates in highincome countries from 1990 to 200(Pregnancy rates are
calculated from summing total births and abortions, divided by number of women ad@8dribach

population. These rates were calculated from data estimating births by age of woman and population by age
of woman for each country frothe Human Fertility Database and the Human Mortality dataiddae

Planck Institute for Demographic Research, 2019; University of California and Max Planck Institute for
Demographic Research, 2018)dnumbers of abortions to women und from the WHO Health for All
Explorer(WHO Regional Office for Europe, 2013nd supplemented with data from other sources for
countries not included in these datagisst, MaddowZimet and Arpaia, 2017; Statistics New Zealand,

2019b, 2019a)

1l4Engl andds Teenage Pregnancy S

One prominent policy approach to reducing high ratésemage pregnancies was

Engl d9968060Tse e nage Pr e dSoaahExgusi@tUnitaliobhyg Strategy
was developetbllowing the 1998 pealn pregnancy rates and combireyeral
approacheto reducing ratesto onecoordinated policyesponseThe research
underpinning its development was carried lmpthe Social Exclusion Unityhich was
established by the Labour Government in 1997 shafter their election victory. The Unit
was founded with the express aims of tackling a range of identified societal inequalities
(Blair, 1997b, 1997a)n light of this goalthe Unit published a report to parliament,
launching theStrategy(Social Exclusion Unit, 1999)The report aimed tsummarisehe
problems presented by teenage pregnan&ngland to present reasons for actidn,

synthesise evidence of previous sust@snterventions antb set in place a teypear
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strategy to | ower pregnancy rates. Thi s
the risk of social exclusion fofSociaul ner al
Exclusion Unit, 1999, p. 2)

The Strategyimedto reduceE n g | aumddr®8gpregnancy rates by 50% in ten years,

whilst also aiming to addreske effects of parethoodon those who becanteenage
motherg(Social Exclusion Unit, 1999; Hadley, Ingham and Chaidoali, 2016) To

achieve this, it took a multifaceted approach to reducing rates of teenage pregnancy and
addressing assocett health and social problems. To reduce pregnanbeSttategy

report set out a coordinated action plan linking national and local implementation. Within
schools and local clinics, iecommendetmprovements irsex education angregnancy
prevention esources, includingpnt er venti ons to i mprove adoc
contraceptiveslt alsorecommendedationalmediacampaignsimed ateenagersnd

parents To address challenges faced by teenagersgivedirth, it recommendedreater
support foryoung parents to remain in education and access hoasidgthemeasures

to improve health and healthcare. To coordinate all effortécaadsure equal

effectiveness in all areathe Strategprompteds t r uct ured and O] oi ne
national andocal leveli manifested as local eardinators and strategies, local
implementation funds, and a national task force and advisory group to support and monitor
progressThe Strategyvas claimed by its development and evaluation teams to be the first
of its kind coordinating local and national action to reduce pregnancies natiofsuidel
Exclusion Unit, 1999; Teenage Pregnancy Strategy Evaluation,.2005)

Implementation oftie Strategyprompted increased funding directedsatategyinitiatives.
Beginning with local implementation grants awarded in 1889m of funding was
allocated for the first three yeavsthe StrategySocial Exclusion Unit, 1999; Teenage
Pregnancy Strategy Evaluation, 200H)eseadditional resourcesveretargeted to areas
with high pregnancy ratgSocial Exclusion Unit, 1999; Hadley, Chandviauli and
Ingham, 2016)A mid-term review in 2005 led to significant changes in implementation
aimingto intensifyStrategyefforts These changescluded publication of new guidance
for local authorities, a redesigned media campaign, new health and education programmes
and further measures to increase access to contracépédley, Ingham and Chandra
Mouli, 2016) Expenditure onhte Strategyrom central government, local authorities,
health authorigs, other government programmes and charttease tacE167.6m by the
mid-term review in 200%Teenage Pregnancy Strategy Evaluation, 2888)reached an
estimated £280m by the endStrategyactivity in 2010(Billingsley, 2011)



Observations ofinder18 pregnancy rate changes acrdss $trategyeriodallowed
examination oftie Strateg§ progress in reducing the@eégurel-2). A mid-term
evaluation observed small decreases in rates in England relativeli®®9&daseline rates,
but little differencan comparison to changes seerSiotland and Waleshich were not
exposed tahe StrategyWilkinson et al, 2006) A later analysis, conducted after the end
of the Strategymplementation period, noted a fall in rates of teenage pregraancgs

this period and beyondrom 471 pregnancies per 1,000 women agader 18 in 19980
22.9 per 1,000 women by 281 areductionof 51%(Wellings, Palmer, Geargt al,

2016) This was compared with a mean reduction of 22% in uf8dirths across 28
European comparison countrig§ellings, Palmer, Geargt al, 2016) Both the midterm
and post implementation period studies observed greater decreases in rates in areas with
greaterStrategyrelated spending/Vilkinson et al, 2006; Wellings, Palmer, Geast, al,
2016)

The Strategwasdeemed success followinthe observed decliningtes(Wilkinson et

al., 2006; Hadley, Chandiélouli and Ingham, 2016; Hadley, Ingham and Chasdaauli,

2016; Ma, 2016; Skinner and Marino, 201B)e authors of thénal analysisconcluled

thatthe Strategyfi al ongsi de ot her social and educa
contributed to a substantial and accelerating declifignier18]c o n ¢ e p(Welliogs,s 0
Palmer, Gearyet al, 2016, Abstract)
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Figure 1-27 England under-18 pregnancy rates from 1992 to 201&urrounding the Strategyperiod
highlighted from 1999 to 2010 The 2005 mieterm review prompted suggested improvementhén t
Strategyand a hypothesised period of more intense sxpm highlighted from 2005 tbé Strateg§ s e nd it
2010. The continuation of the trend after 2010 was interpreted by evaluators of the ongoing effectiveness of
i mai n st StrategyelerdeatgWellings, Palmer, Geargt al, 2016) Data from ONS Conception

Statistics reportOffice for National Statistics, 2019)

The Strategyas been promoted as a unique, natiappfroachwhose substantial costas
justified by the observed fall in pregnanc{erdley, Ingham and Chandkéouli, 2016;

Skinner and Marino, 2016l has been held up aseplicablemodel for implementation in
countrieswith similarly high rates and fangoing government action the UK (Hadley,
Ingham and Chandiislouli, 2016; UNESCO Education Sector, 2017; Public Health

England and Local Government Association, 2018)

15Quer yhegSt rbast eagoypar ent succes

A number of studies have queried the approach takemeb$ttategyand claims of its
successSeveral authorsdve questioned whether framing teenage pregnancy prevention
as a public health priority is justifigtlawlor, Shaw and Johns, 2001; Lawlor and Shaw,
2002; Arai, 2009)Others have questionegihetherbecoming pregnant as a teenagex
major contributoto the range of poor social and health outcomes discussed, @vove
whetherconfounding due tother socioeconomic factors may tesponsible for the bulk



of the inequalitiemssociated with teenage pregnaftdgfiman, 1998) Other action to
tackle the societal structures perpetuating these inequalities may have greater effect
(Lawlor, Shaw and Johns, 2001)

In developinglte Strategythe report authordiscussed ariousconflicting and
overlappingapproaches advocatéat and used ipregnancy preventiofsocial Exclusion
Unit, 1999) Commonly implemented approachesevaryingroutes toengage with
teenagers, such as school lessons,asliand healthcare workers, media, and peers
(Collumbien and Macdeall, 2012; Forrest and Wellings, 201P)ften interventions may
target pregnancy alongside otleerttcomessuch asexual morality, sexually transmitted
infections substance use, mental health and other areas of sexual(Neglkiell,

Wellings and Zuurmond, 2012yhegoalsand nessages of such programmes may vary
according to the aimsndvalues of the bodies implementing theviarying approaches
includepromoting abstinence from sgomptingmore consistent or more effective
contraceptive use, oestrictinginterventions to providingducation and information
Whilst ostensibly sharinthecommontarget outcome of pregnancy preventisach a
variety ofapproacheproduces conflicting sets pfactices and competing claims of
effectivenessWhilst the Strategyeport sought to use prior evidence to identify effective
responses, more recent reviews have queried the effectiveness of these approaches.
Programmes to improve sex education and egeftion provision, prominent components
of Strategydelivery, werenot found by later reviews to clearly reduce pregnancy rates
(Marseilleet al, 2018; Andrzejewski, Liddon and Leonard, 2Q19)

Queries have also been raised as to whether the focus of the Teenage Pregnancy Strategy
was appropriatéArai, 2009) In the report setting oubé Strategythe SociaExclusion

Unit (1999)identifiesthreemediating factors it sets out as modifiatdegets 61 o w
expectationso, 061 gn o (SecildEelosioawitdlo9®mi7x ed me :
Ultimately, however,he Strategyppears to have consider@d g n o to bethe raost
influential contribubr to high rates of pregnancy, presentihgs the easiest, most feasible,
most economical and most acceptable to renf€dsabine, 2007; Arai, 2009 his

approaclr ef  ects a view that teen pregnancy i
solved by increased access to (Gaoamiusacept |
1997, p. 408)This assumptiorwas manifested irhe Strateg§ emphasis oimformation

and educatioalongside provisin of contraceptiorit is possible that more effective
approaches were missad other concerns outweighed #tated goal of producing change

through evidencéased strategies
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Later studies have queried whet htesrisdiertog | a |
the StrategyCraig et al(2016)note that pregnancy rates followed a similar pattern in
England and thether UK countriesKigure1-3). Paton et al(2020)show that across

several countries, teenage pregnancy prevention policies with components sirhiar to t
Strategydo not explain the observégendsin pregnancy rates. Cuts in spending in areas of
England, effectively haltingtrategyrelated activity, did not lead to an increase in

pregnancy rates in an expected domsponse relationshijaton and Wright, 20177

recent study that shows continued decreases in rates beyomdlithg & the Strategy

further calls into question whether the earlier fall was attributableet&trategyHeap,
Berrington and Ingha, 2020)

N
o
1

N
o
1

Strategy period

Rate of pregnancies to under 18s, per 1,000

1990 2000 2010
Year

== England == Wales == Scotland

Figure 1-37 Under-18 pregnancies across England, Scotland and Walfrsm 1992 to 2016 with the

Strategy period highlighted in grey from 1999 to 2010Data from ONS Conception Statistics ogp

(Office for National Statistics, 201@nd ISD Scotland Teenage Pregoareport(Information Services

Division Scotland, 2018a)

Large declines in teenage pregnancy rates amongstridgime countries suggests the
influence of common causes across many countries, including th{&édghet al, 2015)
Observers have proposed that several interventions intended to reduce risk of pregnancy
amongst teenagers, such as improved sex education in schools and cooracept

distribution programmesather than a single effective policy approadlay have each
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contributed to this overall decreg®&ache and Wickham, 2014; Kearney and Levine,

2015a; Wellings, Palmer, Geast,al, 2016; Spsmaet al, 2017) Other potential

candidates for explaining the effects, not arising from explicitly targeted actions, have been
suggested. Changes in employméntreased participation in educatjomider changes in
welfare and social services premn, or increased use of personal electronic devices have
been suggested as contributing to lower pregnancy(@iesa and Paton, 2015; Kearney

and Levine, 2015a; Sipsnead al, 2017; Twenge, 2017The relative contributions of each

of these hypothesised causes renugiknown

16 The met hodol ogi cabl chgl benabac

Outcome evaluation of a policy or intervention is a key elemeevidence based policy
making(Craiget al, 2019) However, in mangases of public health interventions, robust
outcome evaluation has not been carrieddouse of Commons Health Committee,

2009; Theis and White, 2021leglecting policy evaluation may give rise to repetition of
expensive, ineffecte, or even counterproductive interventions. Such interventions may
incur an ‘opportunity cost' by taking the place of more effective approaches. The House of
Commons Heath Committee rep2009)n ot e t hat fAti me and tim
evaluation has focusseth aspects of process evaluation or implementation but has

omitted outcome evaluation. Process and implementation evaluations do not incorporate
tests for whether a health policy worked at addressing the issues it was launched to target,
and thua Babstnoute f or (Cageta,2016,p.m2 eval u.
Ongoing efforts to address health inequalities are hampered by a lack of evidence assessir
what works, preventing evidentased development of effective approaches. Thus, in
directing large sums of public moneytoimpr e popul ati on heal t h,
et hi cal (Houpeeof CommonseHealth Committee, 2009, para..361)

In other cases, outcome evaluation may be intended, but may be inadequately planned for
or carried outTheis and Whit§2021)n ot e t hat often a policy?é
to evaluation of its effectiveness. A common occurrence appears to be a failure to identify
measurable outcomes or setting tar@é€tseis and White, 2021Additionally, though it is
recognised that randomised trials are not always suif@péeg et al., 2019) opportunities

to use these robust methods to evaluate complex interventions may be overlooked in the
pathway from development to implementation. Thegwecification of targets and

conducting of robust effectivenesgaluations are key elements in producing effective

health policies and learning from past successes or fa(Baggott, 2012)
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The Strategywas a largescale intervention, costing an estimated £28@rasenting the
policy as an evideneleased programme, anefflecting the importance of testing its
effectivenessgevelopers set clear goals and timeframes for planned evaluatian in t
Strategyreport action plaiSocial Exclusion Unit, 1999, sec. 11 reducing pregnancy
rates, lhe report set a target of halving rates of pregnancy in ti&keby 201{Social
Exclusion Unit, 1999, p. 8)This target allowed comparisons across the peoadeasure
the change associated with exposurd&oStrategyThe fall in rates of 51% by 2014 was
presented as evidence thag (Strategynet its ambitiousarget, albeit after a few
additional years, anitherefore it was considered to be a succesgsteitvention in
achieving its pregnancy reduction go@synbee, 2013; Hadley, 2014; Ma, 2016; Skinner
and Marino, 2016)

Although evaluatiorwas planned and conducted be Strategythe findings of falling
pregnancy rates themselves do not provide an adequate indication of effectiveness.
Methods previously used in evaluation may have given biased estimates of effect sizes. In
both the midpoint evaluation and research conducted bhé&eStrategh s  praapdst
estimats of differences in annual pregnancy rateseusedasa primaryindicator of
effect sizegWilkinsonet al, 2006; Wellings, Palmer, Geamst, al, 2016) The
comparisons drawn are between an unexposed populatidi®98eand an exposed
population several years later. This method relies on the assumptidnetisatategy
exposure is the only causéchange in the outcon{€raiget al, 2017) Although the
authors do note that similar falling rates in other countries indicat&lbr secular trends,
they conclude thahe Strategyas probably contributed to some of the effect seen in
England(Wellings, Palmer, Geargt al, 2016) Further researchers and commentators
attribute all or most of the effect the StrategyToynbee, 2013; Hadley, Chanevouli
and Ingham, 2016 o test and quantify the true effects bétStrategyhowever, methods
that can rule out other possible explanations are ne&tedhability of previous
evaluations to account ftie effects obther possiblexposureglives rise to the need to
re-evaluatehe Strateghy s e f f eandifulfivtreeethecal snperative of robust

evaluation using better research approaches.

1.7Met hods for testing causatior

In picking apartherelativeeffects of implemented interventioaad other possible
exposuresipon a populatiorseveraproblemsare presenteds to the validity of causal

inference. Attributing observed changes in populations to pobcesrring at the same
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time as these changes to otherfeasiblesounding causess in danger of assuming

effects where no effects exist. Reverse causation, common causes or other confounding
variables such as time may give rise to spurious causal infeftdangan, HernandeRiaz

and Robins, 2004A true measure of the causal effects of an intervention or exposure is
the difference between two potential outcomes, which cannot both be observed and
measured for a single unit. These outcomes are the observed effects on a unit under one
condition, and thenobservable effects on that same unit under the opposite condition
(Hernan and Robins, 2020h comparing two units, one exposed ame unexposed, and
estimating the effects from the difference in outcomes, one must ensure that they are
exchangeablé that exposure would cause the same change in both(Qréiig et al,

2017; Hernan and Robins, 2020he mechanisms of assignment to exposed and
unexposed conditions, for example by living in different countries with different policy
approaches, may also contribute to differences in outcome independent of the exposure
itself. By understanding and accounting for such assignment mechainimsaysbe

possibleto correct for these and expect exchangeability between exposed and unexposed
groups, allowingesting ofthe hypothesised effects of expos(Ceaiget al, 2017; Hernan

and Robins, 2020)

Randomiseaontrolled trials (RCTsare one approach to ensuring exchandigaby

breaking the link between assignment and other characteristics which may be associated
with outcomegHernan and Robins, 2020)jhefindingsof a weltconductedRCT are

often read as the true measurement of an
given by observational data are presumedetbiasedGuyattet al, 2000; Dagart al,

2021; Hernan, 2021Evidence appraisal toolgych as the GRADE guidelines,

recommend that randomised trials should be assigned a higher initial rating of quality of
evidencgGuyatt, Oxman, Vistet al, 2008; Balshenet al, 2011) Cochrane review

guidelines recommend randomised trials, cautioning thataahomised study designs are

|l i kely to give greater potenti al for bia:
caus al (Reevetanl;2020) I n most iterations of 06e:
randomised controlled trials are a discrete category placed abegevationastudy

designswith only systematic reiewsof evidence from trials assigned a higher status
(Muradet al, 2016)

Randomised trialsnay be held as a preferred route for evaluating health intervertigns
such evaluations may not always be posqiBlaiget al, 2019) In the case of pregnancy

prevention, issues of sufficient sample size to detect a rare event, contamination between
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participants and neparticipants, and the ethicalgimMems of withholding treatment from

control groups may limit theeasibility of randomised trials in assessing certain
interventiongBlack, 1996) Additionally, in cases of complex behaviour change
interventions, issues of blinding of participants, assessors and evaluators; generalising fron
trial implementation to roltout effectiveness; heterogeneous treatrasntsual controls;

and differential loss to followap can also introduce bias and limit the power of the trial to
detect true effect sizes. In cases of natural changes of exposure, such ascbalbigied,
experimental manipulation is impossible and randomised trials are a wholly unsuitable set

of methods to test causal relationships which may exist.

WhenRCTsare not possible, not ethical or not desirable, several other methods can be
used to invstigate hypothesised causes and provide estimates of effedi&Giassouet

al., 2007; Craicet al, 2012, 2017, 2019; Hernan and Robins, 20R03ome cases, natural
experimental methodsanprovide an alternate route to achieving confidence of causal
inference(Craiget al, 2012, 2017, 2019)n a natural experiment, as opposed to

classical experiment, exposure and+eaposure to a hypothesised cause are not under the
control of the researchéCraiget al, 2012) In most cases exposure is unlikely to be
randomised and so introdwda@ias and confounding to uncorrected comparisons between
units(Craiget al, 2012) However, if mechanisms assigning units to exposed and
unexposed conditions are understaod can be modellethis can help taorrect for the
resulting biasesThisallowmsc ondi t i onal exchangeability a
contribution to observed differences between y@tsiget al, 2017)

Natural experimental methods use a variety of approaches to account for potential
confoundersThese methods propose treating an ewnth dividesa population into

exposed and unexposed groagsan experiment with conditional assignment. Accounting

for assignment allows comparison with exchangeable contrahdtherebysets these
methodma part from classical O6éobservationb6 st
tests of association; h@wer, natural experimental methods aim to test causal hypotheses
rather than assume causal relationships. Natural experiment methods have additional
advantagesverrandomised trialsThey are able to measure the re@lld effect of an
intervention,removng it from t he O6anRBROIcanaxarmimeeffecdtso n d i
on whole populations, and are relatively inexpensive and convenient dreéaleeady
available(Craiget al, 2012, 2019)
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Naturalexperimental methods may be an option for ingashg some of thearied
hypothesised causes of reducing teenage pregnancygugtpssted by observerghere

other methods are unable to doIsocircumstances where RCTs are impossible and
traditionalobservational studies provide little confidence of causal inference on their own
natural experiments may provide us with a third way of testing some of these hypotheses
In the caseof theStrategy it is clearly no longer possibte randomly assign the999
population of England to exposed and unexposed condifithesEnglanebnly scope of

the policy and the welllefined starting point may allow ustieat this event as a natural
experimentaind gain a clearer understandingled Strategy s e.f f ect s

1.8 Thsithesi s

In this thesid aim to investigate the conflicting claims of the contributionred Strategy

to the observed fall in pregnancy rates from 1999 to 2016 in England as a conttibution
the area of policy evaluation and tBrategy The substantiacost of theStrategy and its
promotion as a model for other countries, mean that reliable estimates of its impact are
important for future policy makind.investigatel the comparative contribution di¢
Strategyitself to the change in England alondgsiother unexamined explanations for the
reduction Alongside he Strategyl hypothesise that several other interventions and

cultural changes may have contributed to falling rates.

In my literature review chapter (Chapter Pheginby discussing and tiquing the

Strategp s d e v ewithingheneidet questions within public health of how to address
teenage pregnancyidentify several gaps in the process of developing it as an effective
interventionto achieve maximum impact on pregnancy rafeemthis literaturel draw

out the range of suggested contributors to falling teenage pregnancy rates and construct a

initial causal tree of prominent hypothesised causes.

In my methods chapter (Chapter 3), | describe hdewvelop and test this causal model
report my results in my empirical chapters (Chapters 4, 5 and 6), answering my research

questions in two stages:

1 First, in noting the similar falls in rates in Scotland, England and Wales across the
period, | examinghe evidence for plausible hypothesised caus#seatirends
presented in the research literature. By systematically searching for and
synthesising existing reviews, | propose an updated causal tree of all hypothesised
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causes, summarising evideraarently availableand prompting further

investigation. This includes interventions with some evidence of effectiveness,
changes in social determinants with hypothesised effects on pregnancy, and
policies which have been implemented, whether or not their impadiden

evaluated. It excludes interventions or changes for which there is clear evidence
suggesting their ineffectiveness in reducing teenage pregnancy rates. My evidence
informed causal tree provides a backdrop of potential contributors to observed
change, which can be considered alongside $trategylt further suggests avenues

for ongoing causal investigation.

1 Second, to examindéé Strategfy s contri buti on to reduci
pregnancy, | apply natural experiment methods to compare Englémnd wi
exchangeable comparators. To account for potential limitations in methods and to
triangulate my results, | teste effectiveness of tH&trategyin two ways. Inmy
first analysis] choose Scotland and Wales as comparators given their similarity to
Endand in othercharacteristiswhich may affect teenage pregnancy ratese
interruptedime series methods to compare each country with England across the
implementation period and up to most recent observatinmsy second analysils
comparebirth ard pregnancy rates in England with those of a wider pool of
potentialcomparatocountriesusingsyntheticcontrol methodsConsidering both
approaches together, | produce a robust estimate@trategy s ef f ect s,

triangulated across two methods and skiis

The questions addressed by this thesis are impdréaaiuse of the substantial costrodf t
Strategyand the imperative to adequately evaluate the outcomes of health interventions.
Understanding whetheheé Strategynade a substantial contribution to the falling rates, or
whether these results were achieved through action elsewhere or were drivemlby soci
changes independent diet Strategycan inform ongoing action in the UK and globally.

My analyses seek to contribute a clearer understanding of the complex area of the multiple
possible causes of falling teenage pregnancy rates and demonstrate paidust

evaluation of a key intervention design.
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Chapter2 Literature Review

21 0ver vi ehwa potfe r

In this literature review | set oy research findingsn teenage pregnancy prevention
andquestions prompted for further investigatibidentify severalincertaintiesn the

evidence underpinning tltevelopment and evaluation of teenage pregnancy prevention
interventions which may limit their effectiveness in reducing pregnancy rates. To explore
the proposed mechanisms of action afvantative efforts, | further examine the

theoretical approach taken by the Teenage Pregnancy Strategy and construct a framework

for mapping preventative efforts to hypothesised causes of teenage pregnancy.

Setting the stage fany research, tiscusgsherange of advocated approaches to
preventing teenage pregnancy, how thagsventionamap on to the framework, arite
conflicting claims ofthe efficacy and ethicef their approaches. This is followed by a
discussion of hypothesised environmental changgich may have contributed to falling
teenage pregnancy rates alongside interventions. Togetlssthese interventions and
environment changes to construetiaitial causal tregpresentinghe most prominent
hypothesised causes of lowering teergpeacy rated close by setting out the

contribution my thesis will make to answering the questions raised from the literature.

22Approach

To critically engage with previous discussion awvitlence connected to teenage

pregnancy and thEeenagdPregnancyStrategy,l first examinethe broadeliterature
surroundingsexual healtlinterventiondevelopmentl consult prominent sexual health
literature and evidence cited in the discussibthe StrategyTo assess and structuhe

gueries raised regardimgterventiondevelopment, | additionally consult the MRC

guidance on complexterventionsandthed si x st eps in quality i
(6SQuID)frameworkto determine the use of recommended practidéght et al, 2015;
Craiget al, 2019) | use causal diagrams to present the issues highlighted within the
development and evaluatignocessl further examinelte Strategyiterature and

published critiques to determine whethiggre are similar concerns in its development.

Responding to the range of alternative causes suggested in the discussion of falling rates, |
examine the competi hypothesised pathways and reasons for proposed effectiveness or

ineffectivenessReflecting on the predominance of theories of behaviour change
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interventions throughout the literatute, u s €apabitity Opportunity and Motivatioin
Behavioud ( EBPrebdel(Michie, van Strale and West, 20119s a method for
structuringthe elementsvhich the Strategynd similar interventions may seek to

manipulate in order to produce behaviour changes preventing pregnancy.

To summarise the discussion surrounding competing approaches and hypothdsad,

details from the cited literature and aim to structure these into a diagwdtaroftive
explanationsThi s takes the form of a idgpegnanayl t r
ratesod6 following on from the range of &b
The resulting trepresents a summaof prominently proposed causal pathways and is not
sensitive to every hypothesised caudewever | present it a a framework for developing

a sensitive, systematic search strategyetiect causes and assess supporting evidence.

Finally, | lay out how my thesis will expand the causal tree througystematiditerature
searchand synthesit identify and tesplausible caises of observed changes in rates. |
then brieflyoutline how naturalexperimental methods can address the questions raised by

this treeby testing the effects of the Strategy

231 dent iufnyciemrg aiinnttihees devel opmen
teenage pregmwamdcy oinmkt e

As noted in Chapter the UK has observed a relativedteep decline in teenage pregnancy
ratesacross England, Scotland and Wales in recent yeaysré1-3). At recent
observationsfrom peaks in 1998cotland had seen a 58% decrease to 19 pregnancies per
1,000 women aged 157 in 2016, England a 60% decrease to 19 pregnancies per 1,000
women, and Wales a 62% decrease to 21 pregnancies per 1,000 (hdoremation

Services Division Scotland, 28a; Office for National Statistics, 2019)he observed

falling rate in England has been suggested as evidence of the effectiveness of the Teenage
Pregnancy Strategy by several researcfiegnbee, 2013; Ma, 2016; Skinner and Marino,
2016; Wellings, Palmer, Geargt al, 2016) However, this explanatidmas been

guestiored on the grounds that it can@aicount fothevery similar patterns in Scotland

and Waleshown inFigurel1-3 (Craig, Dundaset al, 2016) Researchers evaluatinggt
Strategysuggestdt hat the similarity of these patt
effectof he Strateg§ s medi a campaign, producing si m
or simultaneous, effective independent strategies in all {lvedlings, Palmer, Wilkinson,

et al, 2016)
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Following apparent successes, teenage pregnancy reduction remains a goal in UK health
policy (Scottish Government, 2016; Public Health England and Local Government
Association, 2018; RSHP, 201®¥longside a wider scope of improving sexual health and
reducing STI risk, lowering pregnancy rates amongst adolescents is presentages a

for improving health and social outcomégyhlightingthat such pregnancies are more

likely to be unplanned thaare adult pregnanci€Bublic Health England and Local

Government Association, 2018)

Recent calls for action to reduce teenage pregnancy rates are in lingdeisipread

agreemenin recent decades the necessity adduch interventionDespite the similar

language of these conceritgs often unclear howubsequently proposedtions

understand the problem and seek to addreSgweral commentators have suggested that

the attention given to teenage pregnancy prevention as a pahbltb priority may

incorrectly identify problems to be addresgkedwlor, Shaw and Johns, 2001; Lawlor and
Shaw, 2002; Arai, 2009Whilst prevention of negative health asdcial outcomes may be

an accepted goal, there is disagreement over the causes of these harms, which causes ha
greatest scope for change, and how this change might be deli@¢tepd 33 of 66 St
for Quality Interventi oatal,R@&5by)Additopaine nt : 6 S
evaluation of public health policies and interventions is a complex task and methods which
fail to take account of background trends, overlapping interventions or other events are in

danger of producing biased estimatesftdat sizeqCraiget al, 2019)

The O6probl emdé o liasheeneomeeptalisgdinaligensa wagsyacross recent
decades, as tracked by LisaAf2009) The term Ot eenagerd i s
adolescets aged 139 and centres the age of the woman as the key concern. In Western
contexts, calls for public health actionthe1980s and.990sfocusedon the outcome of
parenthood and the relative unlikelihood of the mother being married at a young age, usi

t he phroawseed IAcocukt bi rt hso t o @Cemmm 1989%p.1) hese
This presents teenage pregnancies as representing moral and social waaimeome

have argued is the vieexpressedih he Conservative Gover nmer
report(Dryfoos, 1990; Adler, 1997; Arai, 20Q9)Vhilst the parenthood is the observed
outcome, the root problem is presented as the sexual activity of young, unmarried people.

From focus on the topic of sexual morality, attention changes towards the end df the 20
century to the health and social consequences of teenage moth@hapa009) The

Social Exclusion Uni{1999)report presents high risks of pregnancy and births to
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teenagers as both a résaf social disadvantage and a cause of further problems to those
who become mothers. Other literature points to the health consequences more tied to the
age of the mother than her social circumstarnidaghlighted health outcomes include
developmental days to infants born to teenage mothers, risks during birth, and ongoing
maternal physical and mental health problémasne et al, 1997; Hodgkinsomet al,

2014) Terms such as Oepi de oiteendge pregeadcies and d e s
birthsreflect the anxiety and urgency in public health proposals to address this problem
(Arai, 2009) Early or unwanted parenthood is seen as the root of the problem, with
pregnancy a necessary, and preventable, step in the causal pathway.

In proposals ofctiors to address teenage pregnaraymbinations of these

conceptualisationsf the problem of such pregnancee often presentead win support

for proposed measuréArai, 2009, chap. 4)Arai highlights he issues generated by an

unclear definition of a problemvh er e At here i s often | ittl
activity , pregnancy and parenthood; t lAeay ar e
2009, p. 65)Lack of clarity ofwhich outcomes should be addressed and therefore which
causes should be tackled may lead to ineffective interver{ifdight et al, 2015)

Resulting propositions for effectiapproaches are likely tisagree on whether to
prioritise social and cul ttoratocphbaoget ¢ oc
healt hd through educat (Amin20@@,chapdt ont r acept |

Further to this, researchers have questioned whether it is accurate to portray experiences ¢
teenage motherhood dsterminants of poor health outconfekdermott, Graham and
Hamilton, 2004)Problems observed amongst teenag¢hmies may be ameliorable by
modifying societal structures rather than preventing pregnancy or pareiifragd009,

chap. 8) The social and health problems themselves may be produced by confounding

t hrough t he-ecommitstatusg®awleroSbawa@nd Johns, 2001; Lawlor and
Shaw, 2002)

Potentially further limiting the effectiveness of preventatifferes, the causal pathway

linking teenage pregnancy to health and social outcomes may be less clear than is often
assumed. Negative outcomes for teenage mothers comparedpareoting teens are

often presented to justify action to prevent pregnar{eigs Social Exclusion Unit, 1999,

sec. Summary)Presentig these outcomes aseventable through reducing pregnancy
ratessuggests that all negative outcomes associated with teenage pregnancy are directly
caused by it, as shown lfigure2-1a. Alternatively, Lawlor, Shaw and Joh{z9001)
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propose that the lower soegzonomic status of young women at high risk of pregnancy

may account for the majority of their poor ongoing outcomes, regardless of pregnancy,
(Figure2-1b). This confounding may be compounded by a higher likelihood of rapid,

repeat pregnancies amongst this group, exposing young petypddéo risks of poverty,

lower likelihood of completing education andgr maternal and infant healbawlor,

Shaw and Johns, 2001; Bareetl, 2010; Aslanet al, 2017) In reviewing several
studiesseeking to control for background circumstances, by comparing teenage mothers to
nonmothering sisters, twins or miscarrying teenagdoffmansuggest that teenage
childbearing is unl i k(@998 p. 23§)with eegdiie outicemes s t
more likely caused by the prior circumstanflemwlor and Shaw, 20025uch evidence is

likely not strong enough to rule out additional harms&aesult of the pregnancy itself

(Irvine et al, 1997; Hoffman, 1998; Arai, 2009) his indicates that the relationship in
Figure2-1a plays a role, but that it does mole out the confounding relationshipkigure

2-1b by accouning for all pathways from antecedents to negative outcomes. ifdwt d
effect of pregnancy and the confounding |

Figure2-1c may both contribute to health and social harms.
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a)

Teenage Negative

Antecedents —» Pregnancy Outcomes

b) Negative

Outcomes

7

Antecedents

Teenage
Pregnancy

c)

— T

Teenage
Antecedents —» Pregnancy -

Negative
Outcomes

Figure 2-17 Three simplified hypothesised causal relationships linking Teenage PregnancyNegative

(health and social) Outcomesin Figure a), all resulting negative outcomes are presumed to result from the
pregnancy, positing that pregnancy prevention would prevent these. Figure b) suggests the circumstances
predictive of teenage pregnandskr (Antecedents) as additionally accounting for all negative health

outcomes as proposed by Lawlor, Shaw and J@0&1) All association between pregnancy and outcomes

is due to confounding. Figure c) suggests that pregnancy as a teenager may contribute to negative outcomes
but does noéxplain all of these as confounding is still present.

A further possibility is that negative outcomes for pregnant teenagers are predominantly
produced by modifiable structural and cultural factors, unequafgctingteenage
parentsfigure2-2a) . Thi s centres the problem not
parenthood, but witlvider social determinantnds o ¢ i redpgng$e do the pregnancy.
Unemployment and redad years of education amongst young mothers for example may
be avoidable through support structures, and relatively late engagement with health

services amongst pregnant teenagers may also be ameli{@atéal Exclusion Unit,

1999) This proposes that positive health and social outconagsbeachievable even after



22

the pregnancy event has occurred. Several approaches detaile&trategyare aimed at

addressing theseediators amongst teenage moth{&wcial Exclusion Unit, 1999)

A fuller model of causal factopgroposeghat the negative health and social outcomes
associated withnegnancyareboth caused by antecedestgh as soci@economic status
andarecausally linked to pregnancy itself via modifiable mediatbrgure2-2b). This
presents the antecedents, risk of pregnancy and mediators as potential targets for
preventative action. However, thimisesquestions of which causal factors are malleable,
which preent greatest scope for change, and which changes would be most effective
(Wightet al, 2015)

a)
Prognancy [ Modiators > Outoomes
b)
Antecedents
'
Teenage Modifiable Negative

Pregnancy » Mediators » Outcomes

Figure 2-2 - Simplified causal diagrams demonstrating the role which modifiable mediators may play

in causation and prevention of negative outcomes in caselteenage pregnancykigure a) presents an
alternativeexplanation othe pathway between pregnancy and negative outcomes and suggests modifiable
mediators may be a target for intervention to address harms. Figure b) combinedrigwr&B-1c) to give

an overall hypothesised view of the causal problem and illustrate all potential targets for intervention. In both
diagrams, nommodifiable mediators and direct caubaks from teenage preghancy to negative outcomes are
omitted for clarity.

A further suggested oversight of some prevention efforts is that not all teenage pregnancy
i's o6unint endé¢Nktie, @oall ard Dickms, A0D9A dtuddy of undef0

pregnancies in the U.S.A. in 2013 found that, whilst the majority of pregnancies were
Ounintendedd, proportions of births whicl
Owant e dnty, r wherg the woman was unsure whether she wanted to become

pregnant) were 32% in undé&Bs and 42% in women aged-18(Kost, MaddowZimet

and Arpaia, 2017)Whilst births area subset of pregnancies, this still presents to
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pregnancy prevention efforts a subgroup of women whose choices differ from
expectations. Youngeoplemay feel positively abouhe prospect of becoming parents

(Bell et al, 2004) which may influence the decisions of teenagers. Wrong assumptions
about intentions may contribute to incorrect action to prevent pregnancies. Differing
approachks can be expected to have differing effects on each group of teenagers,
depending on whether they are motivated to put into action the resources and information

given.

24Examining causal pat hways aff
rates

241Cr i ti dwei r5g rdast eagoypr oa c h

Several of these concerns in the process of developing an intervention were noted to have
occurred in development of tisrategy(Arai, 2009) Arguably, by focussing on the high
pregnancy rate to quantify the problehe Strategynay have assumed all negative

outcomes were ameliorable primarily by pregnancy prevention. Assumptions of the causes
of high rates and how best bring about change may alschiredered effective action.

These concerns, discussed below, highlight uncertaintieslas 8rategy s | i kel y @

to achieve desired changes.

In the report setting out the Teenage Pregnancy Strategy, the Social exclusi@r®es)it
categorise three suggested factors that
teenage pregnancy: o6l ow expect¢egobcialonsd, OIi
Exclusion Unit, 1999,p.7) 6Low expectations6 is | inkec
educational and career prospects, particularly concentrated in lowes@mziomic status

areas, givingles reason to take action to avoi d
knowledge about the costs of parenting alongside understanding of the risk of pregnancy ir
sexual relationships and knowledge about contraceffiiocial Exclusion Unit, 1999, p.

7). Contraception knowledge é&xpandedo describe aspects of understanding how to

access contraceptives, understanding rights to medicigkeadechnical capabilities in
usingcontraceptivesorrectly and awareness of available meth&tsial Exclusion Wit
1999,sec.7) The final category, O6mi xed messag
environment as confused and dtwossonultaneous at i |
but contradictory perspectivasiedia output promoting sexual expressiontrasted with
disapprovafrom parents and institution$hese opposing messages rhagder discussion

of sexual health with adulenddiscourageseeking information from trusted sources
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(Social Exclusion Unit, 1999 he relevant influential messages are assumed to have a
sexual theme and other cultural messages which may affect sexual behaviour are not
considered. AThe net r esul 6(Social Exiusian Uhite s s
1999, p. 7)

Arai (2009)s ummar i ses these three factors as 06:¢
060sociab/ caokehurahg the problem on the infl
of the teenagers themsel@sai, 2009, chap.4) 6 St ructural 6 i nflue
01 ewp e c t, summanising the social circumstances of vulnerable teenagers which
present few viable aspirations for adult life and therefore little cost in disrupting further
education and employment prospects. She t
predominantly affect fertility decisioriswhether to become parents or Hatai, 2009,

chap. 4)i thus theoretically mainly affecting pregnancmdsereayoung persoims at most

0 a mb i vabolt¢ha riskof becoming pregndrdther than activan planning to avoid
pregnancy; Barrett, Smith and Wellings, 2004) Sy stteimht cal / educati c
deficienciesmappingt o 6i gnoranced6 factors, contri b
contraception decisions, rather than conscious decisions of whetheoteaparent or

not prior to intercourséAr ai , 2009, chap. 4; though wit
continue withoésBsopgraddamudyya)y al 6 i nfluence
are likewise assumed to have more influence over sexual behaviour leading to pregnancy,

rather han fertility decisions.

Arai (2009)criticises the Strategy report as not clearly identifying which of these

interacting and overlappg explanations best explain the high rates of teenage pregnancy,
risking focussed action on approaches with minimal im@aeti, 2009, chap. 4)She

suggests thisversight s partially driven by a desire
with the ideological positions proposing each as a primary ¢auag 2009, p. 65)

Additionally, there may have been a level of naivety in considering all outcomes (sexual
behaviour, pregnancy and parenthood) as one problem and equally influenced by all
factors. Ultimately, however, the Teenage Pregnancy Strategy appears to have/genera
considered the technical/educational factors as the most influential contribution to high
rates of pregnancy, simultaneously presenting them as the easiest, most feasible, most
economical and most acceptable to rem@Ehrabine, 2007; Arai, 2009, chap. Fhis
assumptiorwas manifested irhe Strateg§y s act i vi ti es as i nform

outputs alongside provision of contraceptidbhe focus on technical/educational factors
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reflects a view thatteenpregneay 1 s fian educational or me

i ncreased access to cont r a(Geeopiius,d®O7, p.ddBp r t |

Arai (2009)suggests thahe Strategh s t e ¢ h n ina fadusresutted ttlaet(then
observed) slow progress ¢fet Strategyn lowering rates, pointing to evidence that sex
education programmes rarely produce lbeign effects on behaviours leading to
pregnancyArai, 2009, chap. 6)Thisobservation of littlempactmay be partially due to a
O0saturationd effect, whgeableindacecssm@pagkusirgy ar e
contraception and have free access to key resources to prevent their pré4ran2p09,

chap. 6) The Strategy may have failed to take into account the complicated nature of the
decisionmaking of teenagers surrounding pregnancy risk, presuming that deficient
knowl edge and tool s t o fadodtoleegesnede@ayrattcanda n c «
Wellings, 2000; Arai, 2009)

Ingham(2012)r e sponds to Arai 6s critique of the
evidence given for the relative ineffectiveness of stearh educational interventions is

not sufficient to conclude that rehbnsivee i s
sex and r el at i dInghamj2012, i356) Additiceaahneeesen® for

education, including the right of the child to information regarding their health and the
potential to drive cultural change for greater societal benefits are also presented in support
of such technical/educationfidcussednterventiongIngham, 2012)However, it remains
uncl ear to what ext dlightedinhhe 1989 report@ontaibutedetd f
populationlevel pregnancy rates and whether this had the greatest scope for change.

The misidentification of a factor as a focal point in prevention efforts would hamper
potential intervention effeci®ight et al, 2015) Structuralinfluences, giving

disadvantaged teenagérsn o r ea s on n o ({Socil &xclgseon Unp, 199 m a nt
7), and social/culturahfue nces on t e e mayhave bad grdaterhinduence u r
on producing the higher pregnancy rates observed in thélbk/therefore may have
presented targets with more scopedgater effectivenesh is possibleghat theStrategy
missedopportunites toreducepregnancy ratelsy not fully unpackingcausal pathways to
identify areas for greater potential impacanverselystructural and cultural factoese
generally less malleable andrrespondingnterventiors areoften less acceptable

(Frieden, 201Q)The focus on technical/educational factors may be justifialdeasg
identified causes whiclhadgreatest scope for chan@#ight et al, 2015)
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242Usi ng t khBe nQMclo nipoaerxep | ansatofonr el a
effectiveness of competing appro

As highlighted aboven discussion concernirte Strategya complex set of factoraay

be influencing the behaviour of teenagers. Intervertigrlementedactionscantarget

several determinants of behaur in aiming to produce change but may not always be
effectivelyidentifying and targetingll or most areas of actionith greatest potential for
impact Additionally, wider changes in social determinants may contribute to changes in
pregnancy risk anmgst a population over tim&o reexamine the potential causal
pathways both designed and naturahdto assess the targeting mechanisms of various
intervention types|, aimed to use a theoretical framework for understanding precursors of
behaviour chage.The chosen frameworkish e 6 Capabi l i ty, Oppor
Behavi our 6 -Bprogdre2t3), répeesehting the centre of the Behaviour Change
Wheel(Michie, van Stralen and West, 2011; Michie, Atkins and West, 20%4n
approactfor understanding the context in which a behaviour or behaviour change.occurs
This further links into théntervention functions of the Behaviour Change Wheel
(described in Michie, Atkins and West, 20T4ble 2.1)andsuggests which forms of
intervention are able to prompt the desired change.

| selectedhe COMB modelasit represents aynthesis ond improvement overevious
behaviour change frameworksaimsto be comprehensivend incorporate diverse

approaches and interventigasdits use igelated to intervention developmergflecting

the Strategy s d e v gMiachip, wem Sttalen and West, 201The model presents the

three factors of Capability, Opportunity and Motivatioraesimmary of irgracting

elements which areypothesiseds essential for a change in behaviour to occur. The
Capabilities el ement incor por atpabiitebaddnh t |
individual, representing both the skillad the tools needed to eggan a behaviour.
Opportunity representsh e 6 physi cal 6 and O0social 6 fac
may provide or restrict the opportunity to engage lirelaaviour opromptthe behaviour

The Motivation el ement iivatoro hgvondidaduassgplanb ot h
behaviour in response to kntaglge and valuesa nd 6 aut o ma fi drivced bymot i \

emotion, impulsend habit§Michie, van Stralen and West, 2011)

| use this model to examine th#ference in potential outcomes between the theoretically
exchameable subset of adolescent women wioolld have become pregnant at the stage
when rates were high, but not when rates were lassume that,uding periods of high
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pregnancy rateshe behaviour necessary to prevent pregnancy is hindered through
blocking of parts of the COMB pathway | thususe this model to examine how

interventionsand changes in social determinamight reduce rates of teenage pregnancy

S \

Opportunity

Figure 2-37 the COM-B (Capability, Opportunity, Motivation - Behaviour) model of behaviour

change (Michie, van Stralen and West, 2011; Michie, Atkins and West, 2014)

In this analysis, all difference in pregnancy risk will be taken as mediated by the
mechanisms of frequency of sexual intemseuand frequency and efficacy of
contraceptive use. These elements form the Behaviour component and assume that all
changes in observed pregnancy ragssilt from changes in behaviours affecting
pregnancy riskTwo limitations of using the CON8 modelfor this purposeare that it

does not account for nesognitivebehaviour chang@or example the hypothesis that
atmospheric lead exposure causes risky behaviour in teenagers, witioredluncleaded
petrol use leading to less sexual risk behaviour over time; Reyes, 2015; Patonn@020)
does it allow for changes in infertility across a population over tifeither or both of

these elements are the main causes of the obseraedashthen the approach of
examining behaviour changierough the COMB modelwill not be able to fully explain

the phenomenorn this thesis Will assume that the majority of observed effects are
attributable to reflectiver habituabehaviour chang& his pathway reflects the
assumptions of policies and interventions tackling teenage pregnancy as discussed above

To unpack the potential causes of change, | map elements of teenage behaviour discussec
above to the three precursors of behaviour chantfeepregnancy risiCOM-B model. A
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clear element highlighted is tiiederstandingtrategies to redudbe risks of sexual
behaviours andbtained skillfor usingtheseto reduce the likelihood of pregnandy
represent this element usingeCapabilities elemenpredominantly througthe
psychologicatapabilities componerftwi t h a | i mi ted i nvol veme
capabilities element, for example through condom application skills; Michie, Atkins and
West, 2014 Table 1.3)The psychological capability of a person to avoid pregnancy might
be given through an intervention providimjormation and understanding, or through
trainingin emotional, cognitive or behavioural ski{lglichie, van Stralen and West, 2011,
Table2) An a d éebreedcapability tonegotiatesexual intercourse and
contraceptive use with a partnerto select andisemore suitable contraceptive methods
(independent ofheaccessibilityof suchcontraceptives would be elements of improved

Capability able to produce behaviour change lowering pregnancy risk.

| use he Opportunit)componentn thepregnancy riskOM-B modelto represent both the
availability of the resources used in pregnapogvention methods (i,econtraceptives;
hysical opportunityé) as well as any rec
sexual sacfiiaVvi by pvbdth dements ayextprnal to the individual,
changesnan adol escent 60s e nvnfluerwethm@ppdrtundyr e nec e
componentThe physical opportunity to avoid pregnarfeythin a consensual sexual
relationship) would primarilype provided througmterventiongiving an adolescent

access teffectivecontraceptivegMichie, van Stralen and West, 2011; Table 2)

Reduction in social opportunity to engage in risky sexual behavioutd be a result of
changes tohte physical or social environments of teenagersexamplea change in

behaviour of young men being less likelypt@ssure women into engaging in risky sexual
behavioury or throughrules reducing the opportunity to engage in sexual risk behaviour

for example by extending compulsory educati{dfichie, van Stralen and West, 2011

Table 2)

In addressing Motivation in behaviour change affecting pregnancyl asknect this t@a

primary driverrepresented bgreflectivemo t i vat i on 6, whmemreavbsyihe an
cost of pregnangydesires not to become pregnant, erttiereforegiven geater reason to

take action to reduce risk. Additionally, behaviours which are preventive of pregnancy may
be driameombyi 6 inmnabitsiovleatedanxiéties over risky sexual
behaviours which may contribute to the consistency of precautikas.Bothtypes of
motivation may be modifiable by targeted interventi@vighie, van Stralen and West,

2011) Alongside interventionschanging social influences magntribute to reflective
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motivation to avoid pregnancy, lpyesenting pregnancy as a more undesirable event, o
automatic motivation to use contraceptivi@gnormalising contraceptive use aglititing

anxieties over unprotected sex.

In using this framework, | aim to draw upon its key strength in classifying mechanisms for
changel usit to theorise the explatians for instances of success and failure of various

approaches to changing teenage pregnancy.

Usingthe COMB model , Arai 6s proposed factors ¢
and O0social/cultural é contr i lauberempamedtat o hi
highlight problems and pathways with scope for chgAgai, 2009, chap. 4)n an

environment where not becoming pregnant is a possible, accessible behavioural option,
each of these factors increasing the risk of pregnancy can be mapped as interfering with th
pathways from Capability, Opportunity or Motivation to relevant Behav Thismodelis
presented ifrigure2-4. Using this approach, | aim to examthe targets oprevention

efforts to clarify how they are assumed to produce chéwgght et al, 2015) and to

allow critical thinking of possible successes and failures in implementation of each
intervention.l also aim toaccount for environmental changes, examined or unexamined,
which may need to be considered as potential éuivenues of action, or confounders to

address in intervention evaluations.

Structural factors as conceived by Af2009)encompasp r i mar i |y t he o611 o
causal pathways from the Social Exclusion Unitref®09) o6 St ruct ur al 6 ¢
describes chiefly the effects ofnoagesstomdi
further education giving fino reasoi#evehot |
influences of socieconomic, environmental and cultural influences underlying a wider set
of determinantgas proposed by Dahlgren and Whitehe&$1) These individualevel

effects of structural factors would primarily block the Motivation pathway as it would

reduce motivation to act to avoid pregnancy. Teenagersavehambivalent about

becoming pregnantould primarily fall into this categorywhereby lack of motivation to

avoid pregnancy is a causal factor overwhelming all other prevention methods targeting
them.Differential access to education and employment may also impact on Opportunity, as
teenagers engaging @ther may havéewerphysdcal opportunities to engage in sexual

risk behaviours.
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The second category ab@al/cultural factors may similarly block the Motivation pathway,
but more by increasing the cost of action (algclining sex in contrast to perceived
norms, possessing anding contraceptives at the risk of stignmjditionally, it may

impact on social opportunity, as changing sexual norms contribute to changes in the
availability of sexual relationshigs the young person, independent of their motivation to
pursue themThis would be depicted ddocking the Opportunity pathway.

The final category afechnical/educational factors is linked to both the Capability pathway
and Opportunity pathway, hypothesising that pregnancies thus affected are primarily
caused by lack of skills and knowledge in preventing pregnancy, or lack of access to
contraceptives. fiective action in these areas may primarily compose educational and
informational interventions, raising awareness and giving skills and knowledge to take
effective action, coupled with improving access to contraception, or encouraging use of
contraceptie optionswhich aremore effective (or less prone to human error).

These categories further allow hypothesising ofmbervention changes which act on the
same pathways. These wil/|l be classed as
highlight the causal nature of these influences whilst distinguishing them from designed
interventions with pregnancy reduction goals in mind. Such changes might work through
cultural influences, determining sexual activity and contraceptive use, or shangi
perceptions of pregnancy and motivating action. Further, changing sources of information
might address technical/educational needs through pathways other than sexual education

programmes.

Visualising the problem and proposed solutions using the &Nbdel highlights that

effective action requires all three pathways to function. In this manner it takes on the
character of a threlegged stool removal of one of the COM legs would result in the
stool ofalling over 6, anaurrind) Evidehebssedaad b el
well-funded action targeting one branch of the model and producing encouraging
intermediate results (such as greater knowledge, or greater contraception distribution), may
yet fail to produce the intended outcomes through #feaBiour component if other

aspects are missing. A teenager with contraceptive access and skills but desiring to becom
pregnant will become no less at ribkough further contraceptive provisioinother

teenager who wants to avoid pregnaangknows what action to takebut does nohave

access to contraceptivesill similarly remain at a higher risk. A third teenager who is

provided withcontraceptive pills but is unaware of the relative ineffectiveness of sporadic
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use will also still face risks. Theshree scenarios demonstrate the hypothesised problems

of blocking the Motivation, Opportunity and Capability pathways respectively.

o Lack of skills/
Capability &w

Pregnancy not .
problematic Behaviour

structural Motivation W preventing own

Prevention too pregnancy
costly

technical/educational

social/cultural No effective

contraceptive use

Opportunities for
sexual intercourse

Figure 2-47 COM-B model as a framework for understanding behaviours lading to pregnancy.

Developed from Michie, van Stralen and Wg11) Arai6 £009)categorisations of the explanations of

high rates are shown on the left and joined to the pathways they theoretically inhibit (orangg arrows
6Structural & f act-tevekeffedteafilont edusatidn larel employmient aspiratians

produced by circumstances.Tec hni cal / educational 8 factors encom
knowledge to prevent unwanted pregnarcysoci al / cul tural 6 factors repre
demotivating action, disseminated through media and peers. Pathways to effective behaviour (green arrows
left to right) are each blocked by example theorised problems which interventions semkfifo m

25Proposed explanations of redtdt

Amongst the range of approaches proposed for reducing teenage pregnancy rates, there is
little consensus on effective methods of achieving this. To compare these methods, | will
use the COMB framewak developedibove to explore how they differentially aim to
address different theorised deficiencies
behaviour Figure2-4). Differing intervention approaches may target various pathways in

the COMB model based on ideologies or assumptions about the area of greatest
deficiency or most appropriate interventigrai, 2009, chap. 4; Collumbien and

Macdowall, 2012; Forrest and Wellings, 2012¢gre | comparétervention types and

other influences on sexual health behaviour of teenagers outlindelbggs, Mitchell

and Collumbien(2012, sec. 4)the World Health Organisation Regional Office for Europe
(2004)and the Social Exclusion Unit &trategylaunch(Social Exclusia Unit, 1999) |

aim to draw out commonly highlightedusal pathwaysf proposed and implemented
interventions and environment changes which are hypothesised to contribute to lowering
teenage pregnancy rates. Tedh previously highlighted interventis | add other

suggested factors raised in research which are hypothesised as causative, but not designe

as interventions. Highlighting shared behavioural mediators, | aim to constrinctial
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causaimodelthatencompasssthese prominerttypothesisegathways| conceptualise
t hi s as adepidirglypothésised caesabranchesonnected to the trunk of
reducedpregnancy rateso further inform inquiry inteevidence supporting each

hypothesis

2511l nterventions &i medc natg el gwesrginm n ¢

Sexual Health and Relationships Education
A prominent proposal in pregnancy prevention is mandatory orisemdatory i(e., with

parental opbut) schoolbased Sex and Relationships Education (SRE). Several researchers
have propeed increased SRE as a foundational approach in reaching all youth and
affecting change in risk behaviougsirby et al, 1994; Kane and Wellings, 1999;
Cheesbrough, Ingham and Massey, 2002; WHO Regional Office for Europe, Qfitdis

argue that these approaches rely on behavcioange theories which situate sexual activity

as a rational choice based on beliefs about the risks and benefits of engaging in sex
(Oettinger, 1999)In this framework, adolescent pregnancy is understood as a
predominantly unwanted outcome, resulting from lack of knowledge concerning the risk of
becoming pregnant, the cost of pregnancy and childbearing, or strategies to reduce risk
(Geronimus, 1997; Arai, 2009, chap. Methods of action in such interventions
predominantly seek to improve knowledge and skills about the risks involved in sexual
activity, teachingstrategies to reduce these risks. Thisappraachgg et s t he t e e
Capability for avoiding pregnanc¥igure2-4). Additionally, they may also include

aspects of Motivation as they aim to portray pregnancy asdesirable eventielaying

sexual activity or promptingreater precaution

The relationship between SRE and pregnancy is complex, as shéwguia2-5. Several
authors suggest that SRE interventions have unintended negative consequences. They ma
normalise earlier sexual engagement, increase awareness amongst sexually inactive
teenagers and increase sexual activity at a rate greater than their sungassenting
resulting pregnancig®©ettinger, 1999; Paton, Bullivant and Soto, 202@wever, other
studies comparing interventionsttvicontrols conclude there is no increase in sexual
activity (Cheesbrough, Ingham and Massey, 2002; Kirby, 20@&)itionally, they may

be ineffective in achieving positive chan@eai, 2009) Whilst some evidence points to
positive change from specific interventidiSrby et al, 1994, Kirby, 20023)several

studies have concluded that there is little certainty that increased SRE results in lowered
rates of teenage pregnantijendersoret al, 2007; Elliottet al, 2013; MasorJone<t al,
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2016) When observed across several countries, SRE appears ineffective in reducing
national pregnancy rates and may increase them in someg(easas, Bullivant and Soto,
2020)

A recent study examining SRE provision in some schools in Scotland found that even
though the interventiowhen evaluatedas no more effective than treatmastusual,

later inducedeductiors in SRE wereassociated with reduced knowledge in contraception
use(Nixon, Wight and Henderson, no date; Hendestoal,, 2007) It is possible that a

baseline provision of SRE is a key aspect in raising awareness of sexual health risks
amongst teenagers, but in modern contexts such awareness has reached a saturation poin
Greater provision of and expenditure on SRE may not gedansistent scaled

improvements in teenage pregnancy prever(fidiott et al, 2013)

Reduce frequency of

Sex as not valid sex
behaviour
g\g:g:;r:’_’;’; Delayed sexual
initiation (age i H
Sex and initiation (age) Fewer ‘unintended” Reduction in teenage

Relationships Awareness of risks regnancies
Education (SRE) More consistent preg pregnancy rates

Motivation, .
{ ) contraception use

Strategies to reduce

risk (Capability) More effective

contraception use

Figure 2-57 Hypothesised causal pathway linking Sex and Relationships Education to reducing
teenage pregnancy ratesBlue arrows denote hypothesised positive causes. Redsadevote hypothesised
negative causes or causes with conflicting claims of direction of effect. A full legend is provieigdria
2-14.

Abstinence education
Abstinerce-based education within schools has drawn much interest and critique

Discussion of this approach is centmédominantly within the U.S.A., with most studies
conducted ther@Jnderhill, Operario and Montgomery, 2007a; Underhill, Montgomery
andOperario, 2008)Abstinenceonl v educati on can be defin
purpose, teaching the social, psychological, and health gains to be realized by abstaining
f rom s e x u(&dnteliiecat, 2006; Talyiedl)An alternative form, lastinenceplus
programmespresent abstinence as best practice whilst additionally progrsitategies to
reduce risk for those who do engage in sexual actjunderhill, Montgomery and

Operario, 2008)Often, abstinencenly and abstineneplus interventions are built from
religious foundationsSuch programmesdvocae for abstinence until marriage and
occasionally includ expressly faittbased messages and participant interaction to position
this as a moral actiofKirby, 2002a) These aims, if successful, would result in reduced
frequency of sex and delayed sexual initiation amordysieacentsKigure2-6). This

modelcan be seen as targetibgththe Motivation elemenfportraying sexual intercourse
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as undesirable and pregnancy as a rataeningoutcome and the Opportunity elemeiny
reducing perceptions of sex as a morally available optiomexhdatingapproaches from

partnersvho have received similanessages

The abstinencapproach has drawn many strong criticisms of the ethics of pregcabi
moral stance, the poor practices often associated with its implementation, and the lack of
evidence of its effectivenegSantelliet al, 2006; Ott and Santelli, 20Q7)here appears

little clear evidence of its effectiveness in reducing teenage pregnancy, but similarly no
consistent indications of adverse effects directly attributable to abstibesed teaching
(Kirby, 2002a; Underhill, Operario and Montgomery, 2007a; Underhill, Montgomery and
Operario, 2008)Howe\er, there may be an opportunity cost as effective programmes
providing other strategies to reduce ri€lapability)which contravene the abstineraely
messages are withheld from adolescenitgs exclusion malimit provision ofknowledge
and resourcedlawing consistent and effective contraception (Santelliet al, 2006; Ott
and Santelli, 2007)The aims of abstinenggogrammes alongside hypothesised negative
side effects are shown Figure2-6.

- Reduce frequency of
Sex as not valid sex

behaviour
I'OMOUVUW”/ Delayed sexual
pportunity) initiation (age) i i
o Fewer ‘unintended Reductionin teenage

education Awargne?s of risks More consistent pregnancies pregnancy rates
(Moativation) )
contraception use
Strategies to reduce <

risk (Capability) More effec.tive
contraception use

Figure 2-6 7 Hypothesised causal pdtway linking Abstinence Education (including Abstinenceonly
and Abstinenceplus approaches) to reducing teenage pregnancy rates

Clinic-based interventions
Clinic-based interventions present a further opportunity to engage with teenagers, provide

effective contraception and promote behaviour chafggu(e2-7; Social Exclusion Unit,

1999; Frenchrd Mitchell, 2012) Linking into education through scheleased clinics can
provide discreet access to contraception and advice to teenagers as needs arise. Outside c
education, dedicated sexual health clinics and provision of services and coumsédoe)

health clinics may also promote such behaviour ch@agamch and Mitchell, 2012These
approaches may improve Opportunities to avoid pregnancy thprogtsion d more

effective contraceptive€apabilities through taught skills, and Motivation through raised
awarenessf risks.Evidence on the effectiveness of each at a population or community

level is mixed(Goeslinget al, 2014) Targeted on¢o-one counselling and
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0individualiseddé clinic services may be

focussed to realistically affect rates in a local populai®@wmeslinget al, 2014).

Awareness of risks Reduce frequency of
(Motivation) sex
Sexual Health clinics Strategies to reduce More consistent Fewer ‘unintended’ Reduction in teenage
and interventions risk (Capability) contraception use pregnancies pregnancy rates
Accessible, effective More effective
contraceptives contraception use

(Opportunity)

Figure 2-77 Hypothesised causal pathways linking clinikbased interventions to reducing teenage
pregnancy rates

Improved ontraception access
Improving access to or changing methods of contraception are approaches which aim to

reduce pregnancies withoetpresslyreducing frequency of or delaying onsesekual
activity (Glasier and Wellings, 2012Condom distribution through clinics, schools and
community outreach is a commonly implemehirterventionSocial Exclusion Unit,
1999) The proposing of this approaahguably assumes that the most influential
modifiable factor in behaviour change is the latlaccess to the contraceptiwelich the
teenager has already the skills and motivation to use (the lower arrow blocking

0 Op p o r t Eigure3a-4y. A key amiticism of thigype of interventions that high levels
of contraceptive uptake may present an impression of a successful intervention but be
mostly driven by substitution of alreadvailable and used contraception, thereby not
increasing contraceptive use ove(lirby, 2001) They may also contribute to
normalisation of early teenage sexual activity whilst aiming to increase conivaagge

or give access to more effective contraceptive methedsie2-8).

Reduce frequency of
sex

Sex as not valid

behaviour Delayed sexual
ivati initiation (age T . .

(Motivation/ (age) Fewer Uninterided’ Reduction in teenage
Improved Opportunity) o ncies b
contraception access ‘ More consistent y ) pregnance pregnancy rates

Accessible, effective contraception use

“ contraceptives g
(Opportunity) ) . More effective

contraception use

Figure 2-81 Hypothesised causal pathwalinking Contraception access interventions to reducing
teenage pregnancy rates.

Better contraceptive technologies
Changing contraceptive technologies is an additional potential area for impact on

pregnancy rates. Increased useaf-condomcontracepties such as hormonal
contraceptive pills, postoital contraceptives, and Lo##rting Reversible Contraceptives

(LARCs) may prompt more consistent contraceptive use and more effective contraceptive
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use Figure2-9). Additionally, unlike condoms, they do not rely on male skill and
motivation to be effective, and their use may be more driven by young women for whom
unplanned pregnancy is a bigger cond&annollyet al, 2014; Wellings, Palmer, Geary,

et al, 2016) Both pathways would primarily affect the Opportunity componénth
throughallowing greatepracticalaccess to contraceptivaad making contraceptive use
more reliablePotential critiques of such methods are that they may also prompt

O0r epl ac e me ffediveacdndom Lise, éeavihgy both partners more at risk of STIs,

or give users confidence beybtheir realworld effectivenes¢Girma and Paton, 2015)

More consistent

i i i contraception use . .
Changing Accessible, effective prion u Fewer ‘unintended’ Reduction in teenage
contraceptwe COntl’aCeptheS .
pregnancies

technologies (Opportunity) More effective pregnancy rates
contraception use

Figure 2-97 Hypothesisedcausal pathway linking Improving contraceptive technologies to reducing
teenage pregnancy rates.

252Environment al factors

Beyond the effects of interventions expressly targeting teenage pregnancies, there are a
number of other policy changes and changesteh ager s® envi ronment

of observed decline which are hypothesised to have contributed to these falls.

Increased time in fultime education
More time spent in fultime education during adolescence is associated with lower risk of

teenageregnancylncreases in years spent in education across populations likely
contributes as a cause of lower pregnancy rgi#sson, 2014; Girma and Paton, 2015)
These increases may seuctural changes produced by pojiapd possibly enacted with
teenage pregnancy prevention as a.gdatel considethemas environment changes to
allow for nonrdesigned changes with similar effecibis pathway may target Opportunity
or Motivation pathwaysPolicies mandating more years of schooling or increasing access
to further education amongst young peaglgreater risk of pregnanayay have an

60i ncar c e raphyszal ang Jodiaboppordunityhiseffecthypothesises that as
teenagers are forced to spendre time inenvironmentsvhere sexual risk behaviagre

not possible (in this case edu@tional premisesnder adult supervisignopportunities to
engage in sexually risky behaviour are redug®&dson, 2014) Thiscausal pathway
predominantly targethie Opportuniticomponentn changing behaviour, delaying onset

of sexual activity and reducing the frequency of sexual corftagpie2-10).

Alternatively, improved edgcational attainment in early years, which may be influenced by

or influence educational and career aspirations, is shown to strongly affect pregnancy risk
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(Girma and Paton, 2015} his pathwaycould be seen as predominantly targeting the
Motivation element of behaviour change as it increases the perceived cost of pregnancy
and parenthood, prompting preventative actidigure2-10). Change in education
aspirationmay be driven by policdesigned to achieve thig; by nondesignedcchanges in

culture from other national or global events.

Reduce frequency of

. sex - "
Incarceration effect Fewer ‘unintended

(o] tunit, pregnancies . .
Increased full-time (Opportunity) Delayed sexual Reductionin teenage

ducati initiati
education Positive life options initiation (2gc) Fewer ‘intended’ pregnancy rates

‘Motivation,
: } Effective pregnancies

contraception use

Figure 2-107 Hypothesised causal pathway linking cultural changes in increased fufime education
amongst teenagers to reducing teenage pregnangtes.

OLater parentingdé culture
A broader cultural change in perceptions of parenting may have influenced decisions and

behaviour of teenagers in this period. Relative to 1990, pregnancy rates across England an
Wales increased for women aged 30 and avel decreased for younger womEeig(re

211)) . Teenagers (6Under 206, o6Under 186 ar
declineqOffice for National Statistics, 2019)hese changes couldpresent broader

changing social norms imtings of sexual initiation and pregnanég a driver of this

trend, dlanges in how society perceives teenage pregnancy may have been driven by medi
presentations of teenage pardiftsarney and Levine, 2015byotivating greater
precautions by increasing perceived cost .
may alschave been affected, as other opportunities for career, education and social
mobility become more attractive options for young women than the positive aspects of
parenthoodA further possibility is that advances in the empowerment of young women

may affet¢ pregnancy timings through greater capabilityefuse sexual intimacy, to

negotiate contraceptive ysnd to determine timings of pregnar(®jitchell et al, 2021)
Thesecultural changemay additionally present imdividualsnot asconscious or

reasoned behaviour changet as habitual delay ohitiation of intercourse or use of
contraceptiveganfluenced by such cultural tresdncreasing life expectancy may also lead

to conscious decisions to delay pregnancies for longer amongst more women across the
observed perio(Nettle, 2011)
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Figure 2-117 Relative changes in agspecific conception ratesn England and Wales, 1990 to 2017
(Office for National Statistics, 2019gfi 2)

Two suggested pathways mapping how changing cultural perceptions of parenting ages
may reduce teenage pregnancy rates are shokigune2-12. Presentation gfositive life
options for female teenagers may prompt behaviour ch&dgegsidethis positive
messagenegative perceptions of teenage parenthaaglalsorestrictsocialopportunity

by increasing perceptions of it as not a valid optibogether thespathways would result

in decreases of both planned and unplanned pregnancies.
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Figure 2-127 Hypothesised causal pathway linking shifting cultural attitudes towards parenting and
age to reducing teenage pregnancy rates.

Digital media use
A further suggested influence on changing culture and behaviour through the early 2000s

is increasing digéal media access and use. Expansion of broadband dloccasgh 1999 to

2007, for examplewas found to account for a small proportion of the reduction in teenage
births in the USAGuldi and Herbst, 2017). ess formal hypotheses link the introduction

of smartphones in 2007 to the observed sharp falls in pregnancy rates across subsequent
years(Twenge, 2017; Triggle, 2018) Bot h i ni ti al causes may
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through one omorepathways in the COMB model. Greater access to global media output
may have influenced t eenag ens, as@ttraciivé relesare d
more prominently featured in their homes and through media ddg\UibedHarris Poll,

2019) Perceived positive and achievable life options may motivate action to avoid risks

which threaten these. Al terpoaptcenagrstyp, an
engage with socialising and alternath@bbies at home and theredtyield teenagers from

opportunities to engage in risky sexual behav{@uldi and Herbst, 2017)

A further mechanism by which smart phone ownership and internet access mayampac
pregnancy risk is through sexual health information adé&estserson, Hiltoret al, 2019)
Adolescent internet access is continually expanding and use of smartphone and tablet
devices is increasingly comm@@fcom, 2020) Searching for health information, and
sexual health information in particular,
capabilities through increased knowledBerzekowski and Rickert, 2001; Michie, Atkins
and West, 2014, Table 1.3; Patterson, Hiltehal, 2019; Patterson, McDaidt al, 2019)
These three hypothesised pathways are combineigjume2-13.

Incarceration effect Reduce frequency of

Opportunil
(Opportunity) sex Fewer ‘unintended’

pregnancies

Positive life options Delayed sexual Reductionin teenage

Digital medi ivati initiati
igital media use (Motivation) initiation (age) pregnancy rates

Fewer ‘intended’

Independent access Effective pregnancies

to information contraception use
(Capability)

Figure 2-131 Hypothesised causal pathway linking increasing adolescent digital media use to reducing
teenage pregnancy rates.

253Drawing a causal tree from i dent
pat hways

To compare thessuggestedauses of reducing teenage pregnancy Hateastructed a

initial ccausal tre@i a combination of hypothesised pathwayagping common

mechanisms anithe range oéxposure types-igure2-14 below shows the five proposed
interventiontypess s f i ve 0 br aimtbehupperfpartmffthe tidgem and thee
three environment changes in the lower part. All suggested mediators are shown in the
middle section of theidgram. Highlighted potential mechanisms of actanming the
pathwaysare drawn across the diagram with red arrows signifying hypothesised negative
impacts (increasing risk of pregnancy) and blue arrows positive impacts (reducing risk).
Outcomesarespli i nt o 60i ntendedd and 6unintended

identified above in how to frame and target teenage pregnpr@d).(All outcomes are
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combinedinhe single measurement of O6Reducti on

the observed overall rate changes which encompass both types of outcome.

Notably, though highlighted by previous commentators that not all adolescent pregnancy is
unplanned or unwantdtlettle, Coall and Dickins, 2009; Nettle, 201ijound no

explicitly declarecaims ofinterventions to address and redudended pregnancie$he
upper section of the causal tree omits t|
As argued by Araf2009) the Teenag Pregnancy Strategy considers young women with

pl anned pregnancies under t h(Social Bdecluseoh | a c
Unit, 1999) However the focus of te action on technical/educational aspess not

appear to address tHactor.

The causal tree presents potentially tes:
t o t he UKragepregndnty raieg®thert pabéshed literature, not identified here,
may present data sufficient to eliminate branches with little likelihood of effect or add

branches not previously considered
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26 Addr esmetnlyodo |l popagp < al

As discussed above, tlstrategy alongside other factors, may have contributed to falling
rates in England from 1999 onwards, but substantial uncertainties remain. The causal tree
in Figure2-14 highlights a range of potential causes of reducing teenage pregnancy rates.
The Strategy prominentcomponents of improved sex education in schools, improved

clinic access and distribution of contraceptives would map most clearly orttodke
corresponding branches in the upper part of the limgestigation of thevidenceof the

effects of each ohiese could provide a clearer picturelod Strategg s cont r i but i
Simultaneously, it could indicate whether other interventions were more effective, or if
observed successes were down to otherdesigned changelowever, as the initial tree

is drawnonly from prominent literature artle development and critique tiet Strategy

it is potentially blind to evidence supporting stronger causal pathavay/snay produce

bias in informing further researchittle literature was found addressing matzwel

changes. The changing economic climate including the banking crash in 2008 may have
impacted pregnancy rates, positively or negatively, duhedtrategyeriod. Other

political changes enacted by the New Labour government and common to the whole UK
may have contributed als@ further limitation to this tree is the missing elements of

parental engagement and a national media camjpaignsidered cor8trategyelements

(Social Exclusion Unit, 1999) found insufficient evidence to assess these in the

prominent literature | used to construct the tMere substantial treatment of these

elements may be published elsewhere.

My first approach in this thesis is to test amgband the initial causal tree frarsensitive
synthesis oéxisting literaturel aim to achieve this by systematicalviewingthe
literatureto detect and summarise teeidenceesting the causal effects of each branch on
teenage pregnancy ratdhese resultarereportedn Chapter4, highlighting key branches
for further investigation. In thianalysis] combinelogic modelling and causal analysis
with systematic review methodolodpy searching the literature for data able to test the
hypothesised pathways in the treproduceanupdated causal tree Chapter 4
summarising published knowledge dmdhlighting key hypotheses for further testing.

In testing thecausal impacbn observed changas UK teenage pregnancy rates, several
challenges are presentess discussed in Chapter hianges in outcomes must be
measured in comparison with an O0exchange:

group (6marginal é or O6unconditional faxch:
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differenced 6 condi ti onal eeta,RETY EHendn ahd Roking, 202@ r a i ¢
The 6gold standar doé ansquicomteokethtriatefay not@alwaysu ¢ t i |
beacceptable opossible particularly in the cases of nalesigned environment changes

and other policies highlighted above not specifically targeting pregnancy as an outcome
(Guyatt, Oxman, Kunzt al, 2008; Craiget al, 2012, 2019; Abadie and Cattaneo, 2018)

As introduced in Chapter 1, natural experimental methods provide one possibility for

overcoming thee challenges.

The Strategy as an intervention with a wedlefined start point and to which only teenagers
in England were exposed, may then allow a natural experimental evaludteo8trategy

as a coherent and holistic interventiorcorporated several elements which can be mapped
to branches ifrigure2-14. Previously highlighted items which map to atigadentified

tree branches are: improved sex and relationships education, contraception access, and
improved sexual health clinic access and(tislley, Ingham and Chandkouli, 2016)
Testing he Strategyvould allow assessment of the effects of these combined approaches
on teenage pregnancy ratesl @ive an estimate of the extent to whibk Strategy
contributed to falling rates. | preseny findings ontwo methods for testindghe Strategy s

contribution to falling rateg Chapter 5 and 6.

In this thesis | aim to contribute to our understandihip® possible causes of the observed
falling rates of teenage pregnancy across the UK from 1999 to most recent obsenvations.
aim to achieve this both by synthesising the range of hypothesised causes with evidence
presented for their effects on pregnanates and by testing a prominent hypothesised
cause in an evaluation of t¢rategy Together, these analyses dimrexplore the value of
suchresearch and methodsgiving a clearer understanding of the observed data and

allowing us to test the causaipact of he Strategy
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Chapter3 Met hods

310verview of chapter

This chaptefays outthe methods for the two parts of my analyses. In the opening section,
| set out how the methods were chosen as robusbagipes to achieving the aims of the
thesis and the novel contribution they bring to the area of teenage pregnancy prevention

andpublic healthpolicy evaluation.

In the second section, | describe the stages in the conducting of the systematic review to
uncover plausible causes of the observed decrease in UK teenage pregnancies in publishe
literature. | use the approach of reviewing reviews to detect the most prominent
hypothesised causes amongst an anticipated vast body of literature. | assesstyhaf quali
reviews and the strength of evidence for a causal effect of each exposure on a population.
Finally, | synthesise the evidence in an updated causal tree of plausible contributors to the

falling UK rates.

In the following sections, | describe the nalurxperimental methods | use to evaluate the
effects of Englandds Teenage Pretgstthency S
effectiveness of th8trategyusing two methods and datasets, aiming to use these two
approaches to triangulate the resats give a robust estimate of effect sidasny first
analysis] choose Scotland and Wales as comparators given their similarity to England in
othercharacteristicsvhich may affect teenage pregnancy rateseinterruptedime

series methods to corape each country with England across the implementation period
and up to most recent observatiohs.account for potential contamination among
neighbouring UK countriesn my second analysiscomparebirth and pregnancy rates in
England with those of wider pool of potential control countriesingsyntheticcontrol
methods.

32Sel ecting methods and definir

As | demonstrated i@hapter 2, concerrsv er Ohi ghd rates of pre
have prompted a range of actions in higbome countries. Observations of falling

pregnancy rates have been cited as indications of the effectiveness of these approaches
(Hadley, Ingham and Chandkdouli, 2016; Ma, 2016; Wellings, Palmer, Geary, et al.,

2016) Changes in the social, cultural or economic circumstaisc@smarise@s changes

in6benvi t ahmé sectiond.5.2saboviof the teenagers across the last three
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decades can also be hypothesised to contribute to decreasing retesmarising the
prominentliteraturein section2.51 producedrigure2-14, hypothesisinghe overlapping
mechanisms of action and the traafés of suggeted positive and negative effectdis
represents the initial causal tredlpwing a brief but incomplete overview of the
complexity of potentially interacting hypothesised caushss tree can inform further

inquiry, but cannoteliably summarise thevédence for all plausible hypothesised causes.
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Figure 3-17 The initial causal tree showing a range of potential causes of reducing teenage pregnancy rates and overlapping pathwaysmeaiators. This was constructed
from a scoping review of thetdiratureChapter 2o identify initial pathways for investigation (reproduced frBigure2-14).

14



47

As stated in Chapter 1, in this thesis | aim to exploree  fdIkng teenage pregnancy

rates, first by investigating plausible hypothesised causes of the falling rates and second by
simultaneously evaluating the contribution of the Teenage Pregnancy Strategy to

En g | aatedI@im to both review the literature for thest evidence presented for all
hypothesised causes and to use robust methods thaedtrategy s ef f ect i vene

In investigating the wide range of causes likely to have contributed, | use systematic
review methods to assess published evidence f@rdsence or absence of an effect of
each cause. | begin with a search strategy informed by the initial causalFigareR-14,
sensitive to detect other interventions and exposures which | had not previously
encountered. | aim to include evidence which tested the causal influence of an exposure or
a real or represeative sample population across the tipggiod corresponding with
observed decreases in the WAticipating that plausible causes may have been tested
outside of the UK] include a selection of countries similartke UKto be sensitive to
evidence asssing the scalability afxposures$o whole populationsTo appraise evidence

of causation, | use modified Bradford Hill crite(tdill, 1965)to query the reews for
evidence of the effectivenesta hypothesised cause, and evidence of the exposure of a
population to this cause within the time period of intedesinstruct an updated causal

tree which allows for evidendeased exclusion of ineffective brdres and inclusion of
branches with supporting evidence or branches requiring further testing. | present this
evidenceinformed causal tree as a summary of prominent hypothesised causes of falling
teenage pregnancy rates to inform further investigation.

In testing he Strateghy s ¢ o0 n tto theldecliningorates, | approach this aim as an
outcome evaluation of the intervention and sought to use appropriate policy evaluation
methods. | select natural experiment methods as a set of approaches to edtmating
effects of such an intervention. This allefer evaluation of an already implemented
intervention, where rereating the exposed and unexposed conditions in a trial setting was

not possible.

Natural experimental methods provide several ways to enalaenparison study

between exchangeable groups. They can thus assess exposures as hypothesised causes,
have specific susceptibilities to bias and may depend on data availability for their use
(Craiget al, 2012, 2017)To address these concerns, | aimed to usepteuihethods and
datasets to compare estimates with different potential biases. Comparison of consistent or

conflicting results across study types can give a cautious assessment of certainty of effects
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from approaches which are susceptible to fasiget al, 2019) Thisallows me to

assess the certainty of results by triangulating findings across several methods and dataset
(Munafo and Davey Smith, 2018)s noted eardir (section2.2), several concurrentvents

may have contributed to observed effects. | sought to account for such events by using
similar countries to estimate a counterfactual for England. My two selected methods are
interrupted time series and synthetic control metl{gdadie, Diamond and Hainmueller,

2010; Lopez Bernal, Cummins and Gasparrini, 2017)

Interrupted time series methods are widely used for evaluating public health interventions
(Craiget al, 2017; Lopez Bernal, Cummins and Gasparrini, 20Ifigse models use
statistical methods to estimate the effects of an intervention or exposure by comparing
outcome trends in time series data before and after an implementatwff point. This
correction aims to account for underlying trends producing a difference in outcome in the
event of a null intervention effect and can incorporate controls to atteragjust for

other population changes over tilf@&raiget al, 2017; Lopez Bernal, Cummins and
Gasparrini, 2018)

In selecting controls for interrupted time series analyses, | limit the set of comparison
countries to other nations within the UK (excluding Northern Ireland due to incomplete
abortion data). All UK populations would be expected to undergo many similar exposures
and may give close estimates of the counterfactual outcongtgatdégyexposed England.

My observations in Chagt 1 Gectionl.5) of thetrends similar to England followed by
Scotland and Wales in the pBtrategyperiod suggest that these make good predictors of

England.

In response to previous observations of sintiksiin rates across the UK, researchers
discussed concerns about using Scotland and Wales as comparators to identify the effects
of the EnglishStrategy(Craig, Dundaset al, 2016; Craigleyland,et al, 2016; Wellings,
Palmer, Wilkinsonet al, 2016) A potential limitation may be that they may have been
exposed to elements dfd Strategysuch as the media campai@raig, Dundaset al,

2016; Craig, Leylandgt al, 2016) Additionally, both Scotland and Walssaw some

changes in SRE prove and other published repodsrosstie Strategyeriod(Teenage
Pregnancy Strategy Evaluation, 2005; Wilkingbml, 2006; Wellings, Palmer, Geamst,

al., 2016) These are summarisedTiable3-1. A national strategy with a teenage

pregnancy reduction focus was unique to England, whilst both Wales and Soatiand

stated reduction in teenage pregnancy rateggaslan published reports. Scotland saw
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some changes to sex education provision with the launch of the SHARE programme in
1993 which underwent a randomised controlled trial, showing little €iféiciht et al,

2002; Hendersoat al, 2007)A | at er programme, OHealthy
Lothian region from 2000. Although Wilkinsaat al.,(2006)r e p o r it was thoaght tof

have a major contribution to make to the whole of Scoland | at e smeasriagl uat i
sexual behaviounutcomesagainstunexposeadomparison areaoncludedhat Healthy
Respechad no impact osexualrisk behaviours or pregnancy rat&dliott et al, 2010,

2013) Wales saw the publication of a report in 2000 and an action plan in 2001,
recommending similar approachesitie StrategyTable3-1). The£1 million recurrent

funding allocated to thisas split between national and local implementation vétidthe

wider remitof all sexual health outcomes acrtiss wider populatioifThe National

Assembly for Wales, 2000; Wilkinsaet al, 2006) Thisin turn represented a lower level

of total investment in sexual health in Wales than in Engl#itiams, 2006) Further
recommendations to improve school education acwhdom distribution programme

followed this.Policy changesvhich addressedareas other than teenage pregnanoy
considered here, may have impacted pregnancy rates differentially across the UK countries
during he Strategyeriod.Whilst not reproducinghe same holistic anjdined-up

approach oftte Strategythe interventions seen in Scotland and Watey reduce the

estimation ofStrategyeffects iftheyproduced trend changes in control countries

A further limitation of the interrupted time seriegtimods is that they rely on testing linear
trend changesinapepeci f i ed d{LopapBemal, CummohseandGasparrini,
2017)i the Strategyvith ongoing changes in its implementation may not have followed a
linear patterr(Hadley, Ingham and Chandkouli, 2016)
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England Scotland
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Wales

National teenage
pregnancy strategy

Funding allocated
to teenage
pregnancy
prevention

Local
implementation
strategies

Changestosexand TPS1 199 9 :

relationships
education

Improved clinic
access

Contraceptive
provision

Media campaign

The teenage
pregnancy strategy
(TPS)i 1999

Scotland*’ 1999
Respect and
Responsibility*
2005

TPST 1999: est.
£280m over 10
years

TPSi 199 09: -
implementation

fund for integrated
and innovative
programme

SHARET 19%;
Healthy Respect
(Lothianbased
pilot) i 2000/2005
on

guidance for
schools on sex and
relationships

educat.

TPSi1999: -
health service
standards for
effective and
responsible
contraceptive advict
and treatment for
young peo

TPST19909: -
preventio
including access to
contracep

TPS11999: -
national publicity
campai gno

Towards a Healthiel A strategic

framework for
promoting sexual
health inWales*1
200Q
Postconsultation
action plan* 2001

Postconsultation
action plani 2001:
£1lmrecurrent
fundingfrom 2001

Local health boards
developed action
plansi 2001

Postconsultation
action plani 2001:
AEnsure t
young people in
Wales receive
effective education
about sex and
relati;ons
Sex and
Relationships
Education in
Schools’ 2002:
new guidance

Postconsultation
action plan 2001:
AEnsur e t
sexually active
people in Wales
have access tgood
quality sexual
health advice and
serviceso

Condom Grants
Initiative T 2002

Table 3-17 Comparison of national sexual health and teenage pregnancy policies enacted across UK
countries from 1993-2005 * Reductions in teenage pregnancy not exclusive fdsasrces: Social
Exclusion Unit(1999) Wilkinsonet al, (2006)
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To account fofimitations due to datan my second analysisaim to compardirth and
pregnancy rates in England with those of a wider pool of control cour@eéesting

appropriate controls outside of the UK presents additional challenges. As highlighted in the
development of th&trategy andin previous evaluations, many similar higitome

countries had substantially lower birth rates in the period immediately beéo&irategy

launch in 1999Social Exclusion Unjt1999; Teenage Pregnancy Strategy Evaluation,

2005) Validity of comparison studies for causal inference rely on the exchangeability of
exposed and unexposed urfierndn and Robins, 202Manually selecting comparator
countries by assumed likeness to England presents the danger of biased results and would
not produce a reliable estimate of effect size. Additionally, countrisgdeudf the UK

may be subject to a different set of expt¢

changing rates of pregnancy and birth.

To address these concerns and conduct a comparative analysis with a larger set of
countries, | selected the syntisatontrol method for a second empirical testhaf t
Strategp s e (Bbudet d@t &, 2018) The synthetic control algorithm uses a edtiaen
approach to construct a control from a set of comparator units by taking a weighted mean
of pre-intervention observations to match the outcome todrile exposed unit most
closely. These same weights are applied to-jmstvention observations across
unexposed countries to calculate an assumed trend in the absence of the intervention
(Abadie, Diamond and Hainmueller, 2010, 2011; Cedigl, 2017) Additionally, as this
method does not apply a linear model, it can allow prediction and assessmentioéaon
trends in the preand posimplementation periods. Several sensitivity analyses allow for
testing of the stability and confidence of synithebntrol model¢Abadie, Diamond and
Hainmueller, 201Q)

Using the methods outlined above, the six research que&R@Qwthat this thesis will

aim to answer are:

RQ1: What changes interventions, culture, policy andwdronment are hypothesised to

cause reductions in teenage pregnancy in the UK and similar countries?

RQ2: For which causes is there evidence of their effectsducing pregnancy, and their

exposure across populations?
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RQ3: Which causes have been robusitgmined but have failed to produce evidence of

their effectsacross a population, indicating the absence of an effect?

RQ4: What are the core elements to include in a causal tree which may have contributed tc

reductions in teenage pregnancy rates inike

RQ5: Did implementation of the Teenage Pregnancy Strategy cause a change in level or

trend in yearly teenage pregnancy rates in England, compared with other UK countries?

RQ6:Did implementation of the Teenage Pregnancy Strategy reduce yearly teenage

pregnancy rates in England, compared with a wider set of control countries?

3210pen access code and dat a

Throughout my analyses, | aimed to follow the principles of open science in order to
ensure my research was accessible, transparent, reproducible astbegt#sRI, 2020)

For statistical analyses | used R as a free, open sourd®t@are Team, 202@nd used
publicly available data. | published open access protocols for each stage of my research
before conducting them. | continuously published the code used analyses and where
possible aimed to present findings as interactive online apps to allow reproduction of my

analyses without prior R knowledge.

Code for conducting analyses and producing graphs is shared at the GitHub repositories
github.com/andrewbaxter439/teen_preg_review_doand
github.com/andrewbaxter439/teerpreg-project. All apps, interactive plots and

interactive data tables are collected onlinelat.andybaxter.me A full table of URLs

and DOls is included iAppendix A

33 Systematic review of reviews
of reducing teenage pregnanc)

331Devel oping the approach of the r

The protocol for the systematic review is published at PROSPHRO (
CRD4201808575p

| restricted searches to published reviews of relevant studies to address the expectedly

large volume of literature of all types on the topic. i@pated that well designed reviews


https://github.com/andrewbaxter439/teen_preg_review_docs
https://github.com/andrewbaxter439/teen-preg-project
https://phd.andybaxter.me/
http://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018085759
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would produce the strongest evidence testing hypotheses and more manageable
presentations of findings across a diverse range of study topics. | also expected that the

most important hypothesised causes would be addr@ssech reviews.

| considered data presented in reviews as evidence of the effects of an exposure if they
reported data suitable for testing causal relationships. As the primary aim of this review
was to test for the presence or absence of an effedtygfaihesised cause, rather than to
estimate effect sizes, | extracted data to assess the strength of evidence and not effect
estimates. | assessed the strength of the evidence presented in each review using markers
of review quality, consistency and stggi of evidence reported, and indicators of
populationwide exposure. To assess review quality, | developed an adapted critical
appraisal tool to assign scores weighted

questions (sectio@.3.5.1 below.

| grouped hypothesised causes by similaritthefelements used theirimplementation

or thecontext of their delivery (school, communigtc.) The overall evidereof the

effects attributable to each hypothesis was assessed to evaluate the plausibility of its effect
on recent teenage pregnancy trends. | used this data to update the causal tree, removing
branches where the evidence indicated no effect, addingn@snepresenting newly

uncovered hypotheses with some evidence of effect, and highlighting branches presenting

strong evidence of effect.

3.32Ai m aensde agwersti ons

In this review, | aimed to assess the evidence for previously identified hypothesised cause
of reducing teenage pregnancy rates and detect and assess other causes presented in the
literature.l discovered several hypothesised causes in ssystematic review of the

|l iterature in Chapter 2, whichsitiveapd esent
systematic searcfihe review aimed to identify evidence that would answer research

questions 1 to 4 (sectidh2 abovg

RQ1: What changes interventions, culture, policy and environment are hypothesised to

cause reductions in teenage pregnancy in the UK and similar countries?

RQ2: For which causes is there evidence of their effeectsducing pregnancy, and their

exposure acrogsopulations?
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RQ3: Which causes have been robustly examined but have failed to produce evidence of

their effectsacross a population, indicating the absence of an effect?

RQ4: What are the core elements to include in a causal tree which may have cortributed

reductions in teenage pregnancy rates in the UK?

I n this analysis, the O6cor e edagsahpathtvay®d o f
with evidence of effectiveness, alongside hypothesised causal pathwaysswificient
evidence to test effdueness (retained for further investigation), excluding branches with

evidence indicating their lack of effect on pregnancy rates.

3.33Search strategy

| searched four databases (Medline, Embase, Scopus and Cochrane Database of Systema
Reviews) for reviewsf adolescent/teenage pregnancy and prevention or reduction in rates,
published in 1990 or later. Where reviews of reviews were found in search results, |
manually added all cited reviews to screening. Full search strategies, detailing key words,

regular &pressions and filtering terms used, are presentégpendix B

334Screening

3.3.4.1 Inclusion criteria

Population
The focus of this review is on female adolescents, age® }@ars living in highncome

countries (HICs). | aimed to allow for generalisability across similar countries and account
for the potential of interventions being tested in one country but ingpited in another. |
selectectountries for inclusiofrom two sources. | initially selected the 31 countries
included in the Eurd’eristat networkEuro-Peristat, 2018)epresenting European

countries To these added foumglish speaking HICs: Australia, Canada, New Zealand

and the United States of America (8 3-1).
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Austria Germany Norway
Australia Greece Poland
Belgium Hungary Portugal
Bulgaria Iceland Romania
Canada Ireland Slovakia
Croatia Italy Slovenia
Cyprus Latvia Spain
Czech Rep. Lithuania Sweden
Denmark Luxembourg Switzerland
Estonia Malta UK

Finland Netherlands United States of America
France New Zealand

Box 3-171 A list of the 35 countries to be included in this reviewThis list was compiled from Eufo
Peristat countries plus other English speaking-mgome countries

Intervention/Exposure
I included reviews evaluating interventions which aimed to reduce teenage pregnancies or

to address associated sexual healthb@dkaviours. Reviews whidbstedhe effects of
social, cultural or economic changes on pregnancies and risks were also included. These
include reviews evaluating interventions which are designed to be applied to a population

or a vulnerable subset of amdation and are transferable across countries.

Control
Reviews reporting a comparison between exposed and unexposed populations were

included.Reviews examininghe effects of ther broader cultural changes pregnancy

rates,measured between populatiarsacross timewere included.

Outcome
The primary outcome was rates of pregnancies or births to women aged under 20. Other

behaviours directly affecting pregnancy riskexual activity and contraceptive useere
alsoincluded.

Study type
Only reviewsof other published literature were included.
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3.3.4.2 Exclusion criteria

| excluded reviews which only reported outcomes such as abortions, maternal and infant
health, or other outcomes after conception. Reviews which evaluated associations of
hypothesised determinants of pregnancy risk across a population, with no analysis of
changes of exposure over time, were not included. Additionally, | did not include reviews
which only measured changed attitudes or knowledge as an intervention outcome, rather
than behaviour change. | treated these changes as mechanisms of behaviouati@nge
than outcomes, as they may be poor predictors of actual risk of predldigty et al,

2015)

335Data extraction and synthesis

3.3.5.1 Quality assessment and risk of bias

To grade the quality of each review, I d
or Ol owd ri sk of dfomBRGBIS toblHoe assessiweriskeof bagdim pt e
systematic reviews and supplemented with questions from the AMSTAR 2 tool for
systematic reviews of studies evaluating healthcare interveriiidimsing et al, 2016;

Sheaet al, 2017) As this review included nesystematic literature reviews, | chose to

adapt and expand on the assessmentiquesised in each tool. | added a further criterion

to the domains presented in the ROBIS and AMSTAR 2 tools to distinguish between
systematic and nesystematic literature search and synthesis methods. Further, as my aim
in this review was to assess theell evidence for the presence or absence of an effect of
an exposure, | assigned several domains less weight tipaesasitedn the existing tools.

Within the AMSTAR 2 domains, item 14 assessing explanations of observed heterogeneity
was not relevarfor this review as | intended to note and discuss heterogeneity across
reviews rather than use it to assess review quality. Questions assessing smaller
contributions to bias and error in data extraction and effect estimates would be unlikely to
fully maska present effect or conclude the effectiveness of an ineffective exgsore

5, 6,1012, 15 and 16; She= al, 2017)

In assessing the domains to be measured in light of areas highligletesting tools, |
anticipated five Concerns (€15) where evidence presented in my included reviews may

give biased assessments of causal links:

C1l. Reviewers have purposefully selected from the pool of evidence addressing the
hypothesis, producing a biasedrgde of studies.
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Cs.

C4.

Cs.
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Non-systematic or poorly executed literature searching is likely to have missed

out key publications.

Reviewers have synthesised evidence with agystematic method of

weighting studies, potentially producing biased results.

Included stdies which have aimed to control for bias have not done so

sufficiently and risk of bias remains high.

Included studies have not addressed confounding or established directions of
cause; associations between exposure and outcome may have been produced by
factors other than the causal effect of exposure.

The four domains listed ihable3-2 were used to query all included reviews, answering

0yesd6 or O6nod to each domain query.

Domains ofrisk of bias  Low quality Mapping to existing Assessing

17

21

37

ai

evidence if: tools anticipated
ROBIS AMSTAR concerns
domains 2 criteria  (above)

Was it systematic, Concerns 1 1,2, 4 C1
defining objectives  regarding

and setting selectiveness of

appropriate study included studies o

eligibility criteria? unclear objectives

Were search and Concerns 2 3,7,8 Cc2

screening methods  regarding method:
appropriate, clear ant used to identify

not likely to have and/or select

missed key studies? studies

Were findings Concerns 4 C3
synthesised regarding the

systematically, synthesis and

presenting all findings

available evidence?

Was risk of biasnd  Concerns 3,4 9,13 C4 and C5
confounding regarding strength

adequately assessed of evidence for

and were results causation

presented to take
account of this?

Table 3-27 Domains of risk of bias and questions used to assess key concerns in included literature.
Where domains of existing tools were incorporated into domains for this review, these are note in the 3
and 4" column. Several domains listed in these tools were not udgddiged thermot relevant for this
review.
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| assigned each review a score of 0 to 4 for how many queries were answered positively fo
addressing risk of bias. High overall quality reviewgh zero or one areas of concern

(scoring 3 or 4) were used in synthesis as primary sources of evidence. Low quality
(scoring less than 3) reviews were referred to in cases of fewtlogimguality reviews

and in overall comparisons of conflicting fingmto assess potential sources of

heterogeneity.

3.3.5.2 Extracting hypotheses and coding reviews for evidence of efficacy
and exposure

| constructed a table with a row for each hypothesised cause identifégLine3-1 and
separateolumnsfor each distinct cause addressed in at least one reMew rows were

added as additional suggested causal pathways were identified. The finalised table was
published onlineghd.andybaxter.me/review_datd. In this table | aimed to detect and to

l'i st all hypothesised causes, blind to si
changes innterventions, culture, policy and enmmmment are hypothesised to cause

reductions in teenage pregnancy in the U]

| aimed to assess the impact of each hypothesised cause as a combination of measuremer
of its effects and the extent of the exposure of whole targetgioggng.To construct

guestions to assess txdence presented | used RE-AIM framework (Glasgow, Vogt

and Boles, 1999)This toolqueries five domains afitervertion implementation reach,

efficacy, adoption, implementation and maintendanttieexpancthe evaluation of

interventiors beyond only examining effectivenes$segrouped the criteria for an
interventiond6s hypothesised i mpact as 06ef
REEAI M framewor k)6 Remalc @& x poAdioethi ond, o1 mp
OMai ntenanceded each r evsestheypexammediagpeeseatiag f
either no evidence of efficacy or exposure, or strong evidence (evidence of both efficacy
and exposure) or weak evidence (evidence for one but not the other) of a positive or

negative effect on a populationds pregnal

Evidence for efficacy was appraised using a set of guidelines for testing causation
developed by Howick, Glasziou and Arons(009) as modified from the Bradford Hill
guidelineg(Hill, 1965). These modified guidelines are reproduced@able3-3, arranged to
summari se three 6typesd of evidence, wit

terms.


https://phd.andybaxter.me/review_data/

Type of
evidence
Direct

Mechanistic

Parallel

Table3-3T Ho wi ¢ k ,

Revised, structured guidelines

Size of effect noattributable to plausible

confounding

Appropriate temporal and/or spatial proximity (caut
precedes effect and effect occurs after a plausible
interval; cause occurs at tkame site as the

intervention)

Dosetesponsiveness and reversibility
Evidence for a mechanism of actiondloigical,
chemical, mechanical)

Coherence
Replicability
Similarity
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Hill's original
guidelines
Experiment

Strength

Temporality
Biological
gradient
Biological
plausibility
Coherence
Consistency
Analogy

Gl as zi d2009aTabie 1)proposedsevisiofisstoBradford Hill's

original guidelines to assess efficacy of hypothesised caud€sherence' is moved from the 'Parallel’
subheading to 'Mechanistic', in accordance with the paper's summary of the guatadiretler tables and

figures.

From these, | developed a series of questions to evaluate the evidence given in a review fo

each hypothesised

cause.

R e v iecHeatwethess au s e s

denoting consistent evidence of causing a redadtiggregnancy rates in exposed samples,

if at least one question regarding evidence strength was answered positively:

1. Are data presented which shows an effect while controlling for plausible

confounding?

(i éePTiabled-8)t 6

dence

2. Are data presented which shows an effect whilst NOT controlling, but:

a. A logic model or narrative synthesis of mechanisms is presented?

b. Themodelix oher ent

3. Ar e

(6Mechanisticé);

Coherenced)

resul ts

consi

i s Turrent

stently in di

Similarly, if reviews presented evidence of negative effects of an intervention or

environment change, increa n g

pregnancy

rates, t-6hse.

ff

evi
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To account for studies which may present strong evidence of the effectiveness of an
intervention, but where the intervention may not have been scaled up to a whole
population, | assessed evideffioethe extent of exposure presented in reviews. A

hypot hesis was assigned a 060+06 for eviden
contributing to a whole poptil adbnbni betduni
in pregnanciesReporing of exposure may include reviews testing the effectiveoiess
intervention in a trial or pilot context, whilst notiitg (unassessed) populatiande
implementation elsewherExposuregxamined within the UK were weighted similarly to
exposures sean other countries in assigning a scot@is exposure score indicated

evidence fothe potential for scalability and populati@nde imdementationThe

following question was used to determaosure

4. s this hypothesised cause:

a. Observed across tipwpulation of a whole nation (as included in this

analysisi seeBox 3-1); OR

b. Observed amongst a large proportion of the population, or a high risk group
(e.g., targéng prevention of repeat pregnancies or s@ionomic
subgroup)OR

c. Cited by reviewers as having been implemented across a population of an
included country after 1990, but with observations not reported in the

review? (Direct evidence)

In cases wherelaypothesis was considered by a review, but no clear evideaséound
of either effects or populatiewi de exposur e, review findin
hypothesised causéhe resulting levels of categorisation assigned for each review are

presentedn Table3-4.
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Gradlnterpr Reviews cl assed
strong |, | Sudesshow e etematonal

+ + for red : effectl_ve in AND implementationor
pregnan decreasing rates

exposure

Studies show

> Associated with
ffective in
We a k €

ev decreasing rates decreasing population
+ for red BUTg OR rates
pregnan Not applied to BU”T q
population Not causally assesse
No cl e _
0 evidenc Conflrlggﬂﬁsstudy OR No association found
way
Studies show , .
Weak ev effective in inc'?:;gi(r::ateg Vxllglion
. . . increasing rates 9 pop
| for i nc: BUT OR rates
pregnan Not applied to N BUJ
population ot causally assessec
Strong Studies show Reported national or
v e . . s> international
| 1 for inc: effective in AND _— -
increasing rates impiementation or
pregnan exposure

Table 3-471 Grades of strength of evidence presented in a review for a hypothesised cause of lowered
teenage pregnancy rates

3.3.5.3 Synthesising within causal branches and updating causal tree
From the full set of identified causal pathwaysyhthesised theseto branches to be
assessed, groupitny similarities inthe environments in which they were deliveced
similarities in programme elemeni®/heredata were presented lmgh-quality reviews
which were deemed sufficient to accuratebgesshe effects of single branch, |
synthesised data exclusively from these reviews. Wherdmmbguality reviews, or
insufficient data fronhigh-quality reviews were identified, | synthesised across all

available reviews and noted this as a limitation due to study quality.

Within each branch I narratively synthesised available evidence across reviews assessing
the effect and exposure of the hypothesised cause and constructed a summargihibble (

4-2) of evidence by branch. Where | found evidence for a branch in the reviews for each of
the three 6efficacyd quest i-to,nséd 0 @egentingl + ée
negative effects, no effects or positive effects respectively. Evidence for a causal effect
across a population was similarly categol

to each branch using the same codingade3-4 above Where stronger evidence
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conflicted with weaker evidendefor example wherglausible mechanisms of effagere
presented buandomised trials found no efféct assigne the final grade to reflect the
findings of the stronger evidend&here strong or weak evidence was presented for the
effects of hypothesised causes, | report
there evidence of their effeatsreducing pregancy, and their exposure across

popul ations?o0.

Where high quality reviews of an exposure consistently failed to find evidence of a direct
effect on a sample population, or a populatiade implementation was not found to

produce an effect, the branchwas bel | ed 606 overall and in
absence of an effect. These branches wer
robustly examined but have failed to produce evidence of their efferciss a population,

indicating the abseec of an effect ?0.

| used the summary table to update the causal tree. Where weak or strong evidence was
presented for an existing branch, the branch was retained, and causal lines (negative or
positive) were updated. Where weak or strong evidence wasitgdder a new branch,

this was added to the tree. In cases where a hypothesised cause was extensively revieweo
by high quality reviews, but no clear evidence of effect was found, this was considered
evidence of the absence of an effect. Existing brarehésnew hypothesised branches

with no effect were removed or omitted from the tree. In cases where insufficient or
inconclusive evidence was identified across reviews, such branches were retained or adde:
and highlighted as requiring further investigatibreported this updated tree to answer
RQ4: 6What are the core elements to incl:

to reductions Iin teenage pregnancy rates

34Evaluating the Teenage Pregna
int er r dipmeed i es met hods

341Devel oping t he anptperroradcpnhssodfi & sh e
anal ysis

The combined protocol for the interrupted time series and synthetic control analyses is
published absf.io/tdbr8.

Time series analyses anseful approaches for estimating future trends from pastidata.

the area of policy evaluatiotrends established in the graplementation period can be


https://osf.io/tdbr8/
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used to project a counterfactual trensutcomes to represent the assumed observations in
the absece of the interventiofCraiget al, 2017; Lopez Bernal, Cummins and Gasparrini,
2017) Numerous approaches withryang complexity have been suggested to test the
assumptions of the time series model in robust idgatopanteliset al, 2015) In this
analysis | applied a segmented regression model, viitsdmear trendgre- and post
intervention and measures a change in level and trend at the point of implementation to
estimate the effectsf exposurgKontopanteliset al, 2015; Craiget al, 2017; Lopez

Bernal, Cummins and Gasparrini, 201X)potential limitation of such methods is the
possibility of timevarying confounders, such ssultaneous events or other interventions
which may impact on trend$o account for potential unanticipated population changes
across the time period which may produce spurious effects, | used control country
observations to estimate the null effect leaadl trend changes expected in the absence of

the StrategyLopez Bernal, Cumms and Gasparrini, 2018)

A further strength of the interrupted time series model is its ability to correct for
autocorrelationSequential data points measured for the same observed unit are unlikely to
be independerdf each other for examplean unusually highrate of pregnancies in one
yearmay be expected faredict an unusually high rate in the next. This correlation of
sequential error termtermedautocorrelationyiolatesa requirement of standard linear
regression modeldNelson, 1998; Lopez Bernal, Cummins and Gasparrini, 2017)
Autocorrelation may occur over a series
moretime points may have an effect ater outcomesThe twotypes ofautocorrelations

I autoregression (AR) and moving average (MAgRN be detected using a series of tests
andcoefficients can be added to the linear model to correct forreach ng t he o6 nl

package tools in RPinheiroet al, 2019)

To simulate the launch of theeenage Pregnan@&trategy, in each analysis | set the
intervention start as 1999. Across all comparisons, the primary outcome was 8nder
pregnancy rates, defined as counts of conceptions per 1,000 women aged under 18 years,

ernding in a birth, abortion or stillbirth and recorded in the UK.

342Aim and research question

In the Interrupted Time Series analysis, | aimed to evaluate the effectiveness of the

Teenage Pregnancy Strategy by compdaring |
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Wales as unexposed controls. This was done to answer research question 53(&ection

above:

RQ5: Did implementation of the Teenage Pregnancy Stratgge a change in level or

trend in yearly teenage pregnancy rates in England, compared with other UK countries?

343Data coll ecti on

| hypothesised that recorded rates of pregnancy across the period 1999 onwards would be
affected by e Strategyl sought to estimate rates of pregnancies to women aged1@der
rather than births, reflectinhe Strateg§ s t ar get out come and co
evaluationgSocial Exclusion Unit, 1999; Wilkinsoet al, 2006; Wellings, Palmer, Geary,

et al, 2016) This metric would include all concemhs ending in birth, still birth or

abortion, reflectingstrategygoals and action plaigocial Exclusion Unit, 1999) aimed

to collect data for England, Scotland aidles for the exposed period and from at least

1990 onwards to captueesufficient time perioteading up tohe Strategynd until most

recent reporting of data from relevant sources (to at least 2016 at time of data collection).
These data would allowsgémates of prémplementation and postinplementation trends.

All data sources used are listeddippendix C

| extracted estimated rates of teenage pregnanaostlgifeom the Office for National
Statistics (ONS) report for England and Wgl@ffice for National Statistics, 201@nd

the Information Services Division Scotland (ISD) report for Scot{@mfdrmation

Services Division Scotland, 2018ay all reported age grougander16, underl8 and
under20). Both sources used the calculationEguation3-1, summing recorded births,
still births and abortions in each age group, correcting for date of conception and for
multiple births, and dividing by the estimated female population of a representative age
range(Office for National Statistics, 2017; Information Services Division Scotland,
2018a) Concepions to UK teenagers ending in miscarriages, births outside the UK, and
unrecorded abortions are not included in these cq@itice for National Statistics, 2017)

| did not include Northern Ireland due to the unreliability of estimates of abo(fites

Family Planning Association, 2015)
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Equation 3-17 Calculation of pregnancy rates for three adolescent age groupssed by ISD Scotland

and ONS in calculation of reped rates. Each count was a count of events, rather than number of babies to
better represent conceptions. Counts of bidbsytionsand still births were corrected to age at conception.
Population counts are units of 1,000 women, estimated from cdatubBifferent age ranges are used as
denominatorsicross the three measurescluding 13 and Hearolds in b) and c). iese groupings would
represent a comparalpepulationof most atrisk young womenvho are under the threshold age.

Rates were repted by age group as pregnancies per 1,000 women per year. All rates are
reported in thl6édana@idydemr Odusntdoeurm @é@mr es ent
calculated values. Data were available for under 18s for England and Wales separately
from 1992 t02016, England and Wales combined from 128716, and Scotland from
19942016, but were sparse for other age categoFigsife3-2). To allow for

comparisons of pregnay rates across all age categories from an earlier start date, | sought

data from other sources to allow for a fuller range of comparisons.

Scottish rates were only reported by ISD for 1994 onwards; to supplement these |
calculated Scottish undd8 and mder20 pregnancy rates from 1987 to 1993 to match the
earliest data available for England and Wales. | extracted counts of Scottish births by age
of mother(National Records of Scotland, 2018portions to unde20s(Information

Services Division Scotland, 2018land estimates of femalegpulation by ag€¢from the
Human Mortality Database; University of California and Max Planck Institute for
Demographic Research, 2019ptal births to women aged 12 to 18 and 12 to 20 were
calculated for the years 1987 to 2015. These were divided by estimated populations in
units of 1,000 women grouped in the denominatoiguation3-1b) and c) to give
uncorrected estimates of births resulting in conceptions for women aged under 18 and
under 20. This total included multiple birthsisoverestimated numbers of pregnancies
ending in registered bt and did not include still births or abortions.

| compared these rates with ISD Scotland reported birth rates forL@sl@nd unde?20s

for the years 1994 to 2015 to determine corrections for each group to account for multiple
births, still births andbirths at a higher age and later year than conception. | calculated a
proportion of births to 1-§earolds and 26yearolds to include in counts of conceptions to

underl8s and unde20s respectively, and a proportion of births in each calendar year to
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cownt as conceptions in the previous year. | calculated a correction factor to account for
multiple births and still births by performing linear regression, using my calculated rates as
a predictor of ISD reported rates. This produced a good fit predictbofbrage groups

(R?u1s = 0.996 and Ry20 = 0.997). Records of abortions to un@®s were similarly

corrected for year of conception added to the u2@emge group to give total estimates of
under20 conceptions. Finally, | used und&d abortion ratesiia linear model as a

predictor of unded.8 abortion rates which produced a good fit modéHR.991).

| compared final estimates of rates using these calculations to observed years across 1994
2015 to assess the accuracy of the calculations. Thesedsgtfoduced good fit

predictors of Scottish pregnancies for unti8rand unde20 age groups across the

overlapping years, and so | assumed they provided accurate proxy measures of pregnancie
when recorded rates were not available. | used these conréatiors to impute unddr8

and undei20 pregnancy rates for the unobserved years 1987 to 1993. | also estimated
Under16 pregnancy rates using these methods but | found they were poorly matched to

reported pregnancies and so | did not use these caltuédés in my analyses.

As shown inFigure3-2, data for England only are only available for 2G@6 for under

16 and 2009 to 2016 for und2®. | was unable to findata to supplement these.

Therefore, | used aggregated England and Wales rates as a proxy for rates in exposed
Englandin these age group comparisohsompared England only data with England and
Wales combined data for years where both rates were eddorassess the suitability of

the combined data as a proxy for England. England contributed around 95% ¢ounath

of population and pregnancy outcomes and rates were very similar across all years. This
suggests that the aggregated values for Engladd/NVales rates are a good indicator of
exposed Engl andds r at-anlgdata.rin abalyses vdtibteeserdatag | 0 |
used only Scotland as a comparator.

The full set of available data al8 owed pi
pregnagy rate against Scotland and against Wales for the years20d%?and secondary
comparisons of combined England and Wales rates with Scotland fo20984undeil6

rates), 19872016 (underl8 rates) and 1992016 (undei20 rates). | aimed to test the
suficiency of this data through checking for variability, linearity and whether correction

for other confounders produced good fitqmeervention trendgLopez Bernal, Cummins

and Gasparrini, 2017)
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Reported pregnancy rates by country
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Figure 3-27 Availability of data by years for England, Wales and Scotland, highlighting year range
19902016 (yellow boxes)8dbnd grgey greaumn@gUrederas prinmn
extraction. Data were available for Scotlarfior calculations of undet6 rates but were not used due to poor
power to predict pregnancy rates in known years. Ua8grregnancy rates were the target outcome, and
England rates alone were the primary measure of these.

344St atistical anal ysi s

3.4.4.1 Preparatory models

All analyses used Rv. 3.6.3; R Core Team, 2028hd RStudiqdRStudio Team, 2015)

built a Shiny app to carry out the analyses, allowing for interactive adjusting of parameters,
reproducibility of results and standardised magputs(Changet al, 2019) The app is
published online abndybaxter.shinyapps.io/teen_preg_uk_itsAll R packages used are

listed inAppendx C.

In my preparatory models, | fitted a linear model using ordinary least squares to England
observations from 1992 to 1998, before the stati@fStrategyThis was used to estimate
the baseline trend as a hypothesis of the trajectory England Wwaw followed in the
absence ofite StrategyWhen | visually inspected the pirgervention trend in England

data, there appeared a relatively stable linear trend from 1992 to 1998, with an increase in


https://andybaxter.shinyapps.io/teen_preg_uk_its/
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level at 1996 (seBigure5-1in Chapter 5 reporting analysis resuli®)is has previously

been attributetb the effects of a warning issued concerning the safety of oral

contraceptive pills in 1995 and the subseqdalhin contraceptiveuset he o6 pi I | s
Furedi, 1999; Teenage Pregnancy Strategy Evaluation, 2005; Wellings, PalmergegGeary,

al., 2016) | concluded that, prentervention, these observations could be assumed to be
following a linear trend with a migoint level increase. | thus aimed to test in the full
model whether a corrector for the o6pill

the jump in rates at 1996.

Using a dummy variable f@trategye x posur e (6l nterventiond
onwards) and a further count for years f|
1999), | then fitted an intervention trend linedi@ta from 1999 to 2016 to estimate the
changes in trend and level from the starthef $trategyThis allowed years beyond the

2010 end of the intervention to contribute to estimates of its effects, consistent with
previous evaluation@Vellings, Palmer, Geargt al, 2016) | visually inspected the

pregnancy rates across this period to deternfiaeyi changes immediately after the 2010

end indicated a temporary effect b&tStrategyrequiring exclusion of later data. This

trend remained consistent and so these time points were used in all analyses as assumed

ongoing effects ofite Strategy

| tested Englanébnly data for autocorrelation using DurBiviatson tests, and

autocorrelation and partial autocorrelation function plots. If a significant autocorrelation
was seen at a lag time point in the Dufliatson test, | then examined the two plots to
determine if this appeared consistently and whether it represented an autoregression or a
movingaverage correlation. | repeated these analyses across models with added predictors
and compared results. There were repeated, strong indicators of autooegretsy 1 and
inconsistent evidence of both autoregression and moving average components at lag 3.
This result indicated thatlagherthanexpectedate in yealy would predicta highefthan
expectedate in year yt butwould have little additional pidictive power over subsequent
years.To achieve consistency across all models, and to apply parsimony in adding
components, | set all models to correct for autoregression at lag 1. | hypothesised that this
would be consistent with the nature of the dasahase were grouped by calendar year,
spanning two school years. Oo#f events or changes in behaviour or culture could

feasibly produce a more homogenous effect across a school year. An increase over the
expected pregnancy rates in one calendar yeathianag/a common cause with similar

increases in the next year. | produced a final fitted model using maximum likelihood
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estimation ancutoregressionorrection set téag 1 andnovingaverage correction set to

0. This model was terme&R1, MAO in reporting

In my initial model, | recorded fitted terms representing the baseline rate at 1991 -the pre
Strategyyearly change in pregnancy rates, the level change in 1999 at the introduction of
the Strategyand the posimplementation difference in trend, alongiwstandard errors

and confidence intervals. These were calculated USigtion3-2. Level and trend

c hange c o=zafnfd)vwhie taken te redrésent the naive uncontrolled estimate of
extent of change at 1999, associated Bittategyimplementation.

Yoo Qf T ZYQad'Q 2°0¢ 0 Q1 LQE 6VE ©EQ
Equation 3-27 Linear model estimating yearly pregnancy rates using England data with no
comparators.6 Ti med records the number of years from t he
1), o6l ntervent i onableforexpasurdincexposune toth8 mmayt evgayr,i and O6Tr
variable counting the years sinBeategyy mp|l ement ati on (wi t h ore@e8ehtstbeo d e d
intercept at Time 0 (in 1991, before first observatigng,an error term.
To improve the fitofthepré nt er venti on trend, | added s
all dates from 1996 onwards (generating an additional fitted term; equation not shown
here). This aimed to account for the hypothesised jump in rates caused by theedecrea
use of oral contraceptives. This parameter improved model fit (likelihood ratio = 10.7; p =
0.001), and so | retained this for all further models. | extracted level and trend changes as &

closer estimate in an Englaodly model.

3.4.4.2 Comparison models

My controlled models used Scotland and Wales as control populations to estimate the
expected changes at 1999 in the absendeedbtrategyln primary analyses | used data

from 1992 onwards to match the earliest data available for all countries. Upon imispecti
all three countries exhibited the same 0]
consistent with the UKvide exposure to this hypothesised caiiaeedi, 1999)This

corrector was applied to all countries in subsequent analyses. No other abnormalities were
seen across the pietervention trends from 1992 and so this date was kept as the

beginning of analyses across primary comparatiedels. One further parameter was
added t o t he Equaiah&d)tofote Gmgland psithe exposed unit. This was
allowed to interact with baseline trend and variables for intervention exposure and trend
change. Changes in level and trend seen in Scotland/ale$ were subtracted from those
seen in England to give estimatestud Strateggy s ef f ect s, corrected

changes common to all three countriesctracted difference in level and trend changes at
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1 9 9 9a n chbelow) as estimates did¢ Srategyeffectiveness whilst controlling using

estimates from unexposed units.
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Equation 3-37 Linear model estimating trend and level change differences from unexposed contréis
in Equation3-2, &6 Ti med records the number of years from
= 1), o6l nterventiond i s a keixrparsyw rdeu mmy tvhaerbiSd bslada ef
variable counting the years since Strategy implementation (with 1999 coded as Trefid sdijipare with
acontro the &6Groupd variable codes 1 for the PBXpose
this accounts for a differen@e baseline level between England and control. Interactions with Time,
I ntervention and Trend give coef fi o)dfferencelegest i mat i
change at the st gandthedfferéenteen trend asmthevirdenvéntioa fiom cdntrol
o b s er v audtlisanmesorterm.
Inspection of prantervention trends between England and controls indicated that all three
countries closely followed the same pattern befloeeStrategyl removed the interaction
term for difference in baseline trend and compared model fit. Removal of the parameter
did not significantly impact model fit (likelihood ratio = 0.20; p = 0.66) and the term
allowing for baseline trend changes did not therefore have significant explapatoey.
In its absence, pfmtervention observations from both control and exposed groups were
used in calculation of baseline trends, reducing the standard errors of trend estimates.
Therefore, in the primary model | used the assumption eiinpeeventon parallel trends,
allowing more stable predictions from the limited-prat er vent i on gat a.

andbs (Equation3-4) represented changes associated with intervention exposure.
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Equation 3-47 Linear model of controlled time series with assumption of parallel trends.

3.4.4.3 Sensitivity analyses

In further testing my models, | examined the effects of addingdughrameters to
improve model fit to determine if these produced conflicting effects estimates. After
examining rates across all three countries, | saw a similar trend change occurring from
2008 onwards, dividing the pesttervention period into two segmts. As this was a
pattern repeated across UK nations and not coinciding v8ttategyrelated event, |
hypothesised that it represented a-Wkle exposure for which my model was unable to
account. In sensitivity analyses, | treated 2008 as a commok abss all countries and
allowed a common trenchange to better fit the observations (givingn Equation3-5

below).
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Equation 3-57 Linear equation of time series with common shock (trend change) at 200Bhe variable
6Tréndenotes the trend change at intervention st:
produce a difference in trend associated \Bittegye x posur . d@fiméeed a second,
in trend at 2008, hypothesised as an unknownvii#le exposure from observation of the data. It is similarly
coded as years from start of shock period (with 2008 as Trehy
The inclusion of a common trerathange at 2008 produced an improved fit (likelihood
ratio 51.3; p < 0.0001). Visual inspectiohlioear regression fits both with and without
this correctodid appear to shothat thedata points most closely followed a linear trend
with all included termsHoweverl did not replace the primary modeith the expanded
model. | judged that the pansony offewer termsthe lack of a satisfactory explanation
for this trend changend theassumption that the controlled model could account for such
a common shocjustified presenting the simpler model as a prinarglysis| included
this model in sesitivity analyses andxaminedmnodel fit,consistence of parameter

estimates and power to detect change.

To test whether allowing for a phaseperiod improved model fit, | excluded data for the
years immediately following the start of the interventionisTmade no difference to fit or
prediction, so data recording all years were retained in final analyses.

To assess whether other age groups or longer time periods were more able to detect an
effect, | conducted robustness checks on secondary data set$olEangland alone was
only available for 1992 onwards, giving seven-prtervention time pointsHigure3-2).

To examine longer prmtervention time periods, | udeombined England and Wales

data, available from 1987, to compare with Scotland for a longer period. Additionally, as
England and Wales data were not available separately famtereention periods for the

age groups under6 and undeR0, | used combied data to conduct secondary analyses of
these. | repeated the modeldHqguation3-4 andEquation3-5 across the three age groups
with aggregated England and Wales data. In visual inspection of the 1 hdad under

20 pregnancy rates in these analyses, Scotland exhibited a large divergenEadland

and Wales observations prior to 1991, and linear trends were less clearly defined before
this date. | set observations start dates to 1991 in these analyses, providing only one
additional observation per country. Scotland uritedata was onlgvailable from 1994,

and so this comparison observed only from 1994 onwards. | compared level and trend
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change estimates across these models with the primary model to check for consistency of

results.

3.4.4.4 Testing power of models

To test the power of the modeb detect changéused estimates of the slope chamge
underl8 pregnancieat 1999 in Scotland and Wales for the thigrens of controlled

model thesingle trend chang®odel with no correctorshe model with a 1996ill scare
corrector(the primay comparison modeBnd the model withhoththe 1996 corrector and

the 2008 trend change correcfipihe sensitivity analysis model)used these values and
standard errors testimate the probability of detectingyeeatemegative treng¢hangen
Englandat the 95% significance leyedssuming equal standard errors between control and
England | tested for small, medium and largierencesn trendchangeof 0.5 1 and 2

fewer pregnancies per 1,000 women per y&aeduction of 2.33 pregnancies perdqo
women per year across the ten years of t|
target of a 50% reduction from the 1998 pregnancy rate (46.6 pregnancies per 1,000
women per year)A reduction of 1 pregnancy per 1,000 women per weand represera

rate changsimilar to the 2% annual reduction estimated from theterich evaluation
(Wilkinson et al,, 2006)

To calculate power, ddapted the equatigmesentedn McLeod and Vingilig2005)to use

a onetailed approach (aiming to detect a hypothesised decrease in pregnancy rates, rather
than a change in a napecified directin) usingobserved standard errors of Scotland and
Wal es &6 t r.&sing thedstaadard mosnal distribution function, | calculated the
onetailedprobabiliiesof observinga nonsignificanteffectestimategan estimatedrend

change for Englansmalle than 1.64 standard deviations lower than controlhe cass

of the true effect being thamall, mediunor large tested value3hese represented the
falsenegative rates (the probability of ragtecting drue trend change) subtractedhe
probabilitiesfrom 1 to calculate the probability of observing a significant effect if these
reductions were the true effects. | used these figures to represent the power of the models
to detect change at each level of effect fitdeLeod and Vingilis, 2005, 2008)

The power of the models to detect a medium sigen trendwas 56% using Scotland
data and 62% using Wales data. Tosverincreased Y a small amount t60% and 63%
respectivelyin the primary models using tipdl scare corrector. Further addition of a
common trend changerm at 2008n sensitivity modelsncreased the power of the
models to 95% and 94% to detect a trend change &t A99modelshadhigh power to
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detect a large change (2 fewer pregnangezsl,000 women per yearanging from 98%
to ~100% Table3-5).

Power to detecta difference in trend change of

magnitude:

Model Small: 0.5fewer Medium: -1 Large: -2 fewer
pregnanciesper  fewer pregnancies per
1,000 women per pregnancies per 1,000 women per
year 1,000 women per year

year

Scotlandi no correctors 23% 56% 98%

Walesi no correctors 25% 62% 99%

Scotlandi pill scare 24% 60% 98%

corrector

Walesi pill scare 26% 63% 99%

corrector

Scotlandi pill scare and 50% 95% 100%

2008 corrector

Walesi pill scare and 48% 94% 100%

2008 corrector
Table 3-571 Power calculations for small, medium and large effect sizes across comparative model
types Power valuegreater than 8@ are in boldand underlined.
3.4.4.5 Reporting results
From each model,dxtracted coefficients and 95% confidence intervals for difference in
level and trend change seen in England over controls at 1999 and used these as markers c
change due to exposure tetStrategyl extracted measurements of Rlean Squared
PredictionError and loglikelihood as indicators of model fit. | produced a scatter plot
showing the observations across all time points used and linear trends fitted for observed

periods and predicted trends.

35Evaluating the Teenage Pregne
synt lcedntr ol met hods

351Devel oping the approach of the S

The combined protocol for the interrupted time series and synthetic control analyses is
published absf.io/tdbr8.

In a synthetic control analysian exposednit can be compared to a set of comparator

units whilst skecting from this pool of comparators to construct a best fit series of


https://osf.io/tdbr8/
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predictionsRather than taking a mean of all comparsito predict the outcome at each

time point, an algorithm can apply different weights to eachaamisistently across the
obsevation period to construct a synthetic contislaseriesof weighted meas(Abadie,
Diamond and Hainmueller, 2011; Bouttetlal, 2018) In the preintervention comparison
period, weights are assigt to comparators fgroduce a series of predictiowkich

minimises theerror and therefore best fits the observatioinke exposed unit in the

unexposed periodf the weightings can be shown pooduce a good predictor, then these
same weights can be applied to conttolsonstruct a posimplementation time series

which can be posited as predicting the outcomes imarposed settind.his approach
ensures a Odat a drtoacaundfor potehtial bidsinase ofof ¢ o n |
controlled analysiandcorrects for common confounders in closeigtched units

(Abadie, Diamond and Hainmueller, 20180 additional advantage whichasucial for

this analysis, ishatthe construction of a control from multiple unieeans that

comparison can still be carried out when no single control unit closely matches the exposec
outcomesThis may be the case when comparing England to a wider set of countries
outside of thaJK.

The key assumptions of synthetic control model methodology are: treated and potential
control units are similar; there is no contamination of exposure effegtgantialcontrol
units; there are no idiosyncratic shockgatential control unit¢Bouttell et al, 2018) My
selection otcortrols from European and highcome European countries sought to satisfy
the first assumption. As discussed above, contamination shouoichbreal, but |
additionallyconducted analyses using only countries external to the @Hotw for this.
Addressinghe third assumptiorseveral countries were excluded due to known historical

events, not applicable to the UK.

To enable a synthetic control analysis, | sought data from a range of comparison countries
with pre-Strategypregnancy or birth rates both higher and lower than England. | began by
collecting data to estimate each country
from these data alone. | supplemented this analysis using predictors which | hypothesised
to be associated with pregnancy or birth rates as available for all included colintries.
sought data to test if adding these to the model produced a closer fit synthetic control in the

pre-Strategyperiod, indicating a more robust predictor of pBgtatey outcomes.

| conducted placebo tests as described by Abadie, Diamond and Hainr{2gsli&r2011)

to assess the comparative magnitude of difference from control feexpmsed countries
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compared to exposed England. | conducted-timsed placebe@sts by setting placebo
intervention times and robustness tests by removingveighted countries to test the

model(Abadie, Damond and Hainmueller, 2015)

352Aim and research questions

In thesyntheticcontrol analysis, | aimed to evaluate the effectiveness of the Teenage
Pregnancy Strategy by comparing Engl and?d:
countries mostclesl y mat ching Engl andés rates and

research question 6 (secti8r2 abovg

RQ6:Did implementation of the Teenage Pregnancy Styateduce yearly teenage
pregnancy rates in England, compared with a wider set of control countries?

353Data coll ecti on

For the synthetic control analysésglected countries for comparison based on cultural,
political, geographical and economic similarityEngland/Abadie, Diamond and
Hainmueller, 2015)I used the same set of countries as for the systematic review as an
initial point for selecting a donor pool (secti®3.4.1 above | sought data on teenage
births and pregnancies for all Eyperistat nationg§Euro-Peristat, 2018and other high
income Anglophone countries. | excluded eight European countries that were etiger in
formerYugoslavia or the USSR, or wepeeviouslyUSSRbacked, as they had turbulent
histories around this timéi(ingay, Estonia, Lithuania, Slovenia, Czechia, Poland,
Croatia,andBulgarig. These changes may produce idiosyncratic shocks in exposures
which are not generalisable to EnglgAdadie, Diamond and Hainmueller, 2015; Bouttell
et al, 2018) | aimed to collect data recording births and pregnanciea sufficient

number otime points before and after the intervention. Data were available for included
countries for the years 1990 to 20&8ich | judged sufficientAll data sources used are

listedin Appendix C

As a primary outcome, | aimed to match the measures of teenage pregnancythused in
interrupted time series analysis as closely as possible. Hoveesr were no consistent
records of undel 6, underl8 or undet20 pregnancy rates available for the full set of
countries. | sought data on populations, births and abortions to estimate these rates for the
relevant time period. | extracted data estimgbirths by age of mother from the Human

Fertility Databas€Max Planck Institute for Demographic Research, 20@8puhtions
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from the Human Mortality Databaggniversity of California and Max Planck Institute for
Demographic Research, 2018hd numbers of abortions to women urg@rfrom the

WHO Health for All Explore(WHO Regional Office for Europe, 201%or countries not
included in the Human Fertility Database (New Zealand & U$&89ughtdata on births,
abortions and pregnancifem national statistics websites. | extracted counts of births and
abortions New Zealand from Statistics New Zealand repor{Statistics New Zealand,
2019b,2019a) | extracted pe-calculated pregnancy and birth rates for the USA from a
report by the Guttmacher Institui€ost, MaddowZimet and Arpaia, 2017 heauthors
calculatedheseusing population, birth and abortion data from the National Centre for

Health Statistics and the Center for Disease Control.

After conducting searches for data, | exclufled countries for which complete data were
not available Austria, AustraliaCanadaThe Republic of Ireland and Northern Ireland).
This was due to different age groupings, insufficient time points or no reliable records of
abortions. The final selection of fifteen control countries with England and Wales and

dates of data availability are shownTiable3-6.

For included countries, data were available to calculate tk&lbirth rates and und@0
pregnancy ratesfor 199013 . | r ecal cul ated Engl and anc
from these datasets to make them comparable. England and Wales were used as a single
unit as only combined data were available. As seen in s&doBfor the interrupted time

series, this was a suitable proxy for England only.
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Country Dates data available by outcome
Population Under-18 Under-18 Under-20  Under-20
births abortions  births abortions
Countries with counts extracted from datasets
Denmark 19902013 19902013 19902013 19902013
Svnj:f‘snd and 19902013 19902013 19902013 19902013 19902013
Finland 19902013 19902013 19902013 19902013
France 19902013 19902013 19902013 19902013
Germany 19902013 19902013 19902013 19902013
Iceland 19902013 19902013 19902013 19902013
Italy 19902013 19902013 19902013 19902013
Netherlands 199062013 19902013 19902013 19902013
New Zealand 19902013 19902013 19902013 19902013
Norway 19902013 19902013 19902013 19902013
Portugal 19902013 19902013 19902013 19902013
Scotland 19902013 19902013 19902013 19902013 199062013
Spain 19902013 19902013 19902013 19902013
Sweden 19902013 19902013 19902013 19902013
Switzerland 19902013 19902013 19902013 19902013
Countries with rates reported elsewhere
USA 19902013* 19902013' 19902013 19902013

Countries with insufficient data (Excluded from analysis)

Austria, Australia, Canada, Ireland, Northern Ireland

Table 3-6 1 Data availability for all countries across years searchedUnder-18 abortion rates for
Scotland and England and Wales were available separately from ISD Scotland and ONS data but were not

used AUSA data were reported as calculated rates, and these were extracted directly.

| calculated undet8 birth rates by suming all births to women aged unedkEs and

dividing by total populations aged -5 (Equation3-6a), matching the age group
denominators used by ONS and ISD Scotlgdffice for National Statistics, 2017;

InformationServices Division Scotland, 2018#&)s counts of abortions were not available

for the underl8 age category, | was only able to estimate birth rates for-i8derather
outlldorhe rd lhndeart eod

than total pregnancie34ble3-6) .

The

proxy for underl8 pregnancies. | calculated und@€ pregnancy rates by summing all

under20 births, adding total abortions to women under 20 and dividirigtaly

populations aged 159 (Equation3-6b). As numbers of pregnancies to undés was

expectedly smaller and such pregnancies are often observed to end witmahorgo

wa s
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often than birth, | concluded that calculations of uritierates would likely produce
biased and uncertain estimates, and so excluded this outcome from my synthetic control

analysis.

B . . 0O o
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Equation 3-6 1 Calculations of under18 birth rates and under-18 pregnancy ratesThese calculated

rates did not account for multiple births, still births, miscarriages, illegal abortions or conceptions within the
age category leading to birth or abortions afteritgri8 or 20 respectivelf.he age ranges used to sum
population as denominatoase taken from the equivalerates in Equation-3 used byONS and ISD

Scotland These ranges use the groupsvomenunder 18 and under 20 who anetheory at most risk of
pregnancy and birth.

Both measures used in mynthetic controhnalyses are proxies of true pregnancy rates.
Counts of births and abortions do not allow for correction for multiple births, still births or
illegal abortions. Further, each count or estimapFesented a birth or abortion to a

woman of a given age in a calendar year, irrespective of whether the conception occurred
that year or after the woman turned that age. Some conceptionsaiodl¥9yearolds

will be missing from the undet8 birth rdes and unde20 pregnancy rates respectively.
Additionally, the rates reported for the USA were derived using different numeiatiais
pregnancies and abortions to women aged from 15 years old rather than 12 years old; Kost
MaddowZimet and Arpaia, 2017nd are not directly comparablHowever, | judged that
within the synthetic control analysis itself these concerns would be minimal, as biases
resulting from these would be unidirectional and would feasibly only account for a
negligible number of pregnancies across each country. €tgons of weighting in the
synthetic controanalysis minimise the potential effects of these data limitgtamneontrol
countries are only allowed to contribute to the weighted control via a scaled proportion of

their total rates.

I hypothesised that geral population characteristieghich vary across timmay be

predictors of pregnancy rates and sought data on these to use to match countries by
similarity to England. Estimates of yearly gross domestic product (GDP), mobile phone
ownership and proportioof population resident in urban settings for years 1990 to 2013
were extracted from World Bank open data as predictor variables for the synthetic control
models(The World Bank Group, 2019ublic spending on education as a proportion of
GDP for the years 1990 to 2013 was extracted from OECD(Qagmnisation for

Economic Ceoperation and Development, 2018hese data were not reported separately
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for countries within the UKConsequently, used Ukwide data as aestimate of England

and Wales and excluded Scotland from analyses using these data.

Al l C 0 u n t18 hirth mi@s, unde2D @regnancy rates and predictors were compiled
into a data frame to be used in each analysis. These data frames are available at
phd.andybaxter.me/Synthanalysis

354Statistical analysis

3.5.4.1 Optimising model fit and fitting models

All analyses used Rv. 3.6.3; R Core Team, 2028jd RStudio(RStudio Team, 2015)
primarily used the Synth packagedevelopedy Abadie et al(2011)in constructing
synthetic control models. After | conducted all analyses, | built the data and functions
running synthetic control models and producing gsapto a Shiny app to allow for
reproduction of each model (availablepatl.andybaxter.me/synthapp). All other

packages used in data preparation and presentation are ligggpleindix C

| used synthetic control methods to construct a comparison unit from a weighted average o
ot her count r i e-mtérventiantEagiand ahdiWaleseobisertationgad e
under18 birth rates as a primary outcome and wfkepregnancy rates as a secondary

outcometo get a clearer estimate of effect on pregnancies rather than births.

In constructing models, | focussed on the-iptervention period to assess and imprthe
closeness of the synthetic control predictor and observed England and Wales. | set Englan
and Wales as the exposed unit and 19998 as the time period for optimisation of fit.

I nitial model s used each c ocintanention pesiodme an |
(19901998) as a single predictor to construct the synthetic Endglaecorded the pre
intervention mean squared prediction error (MSPE) as a measureavktiage closeness

of predicted values to the yearly observed ratesual inspecton of the observed and

predicted trend lines showed that this produced a po@niit & hightMSPEof 1.97) as the

England and Wales rates did not follow a linear pattern.

To improve the préntervention control fit, | divided the nine phetervention years into
continuous groupings. | used a ddtaven approach to finding an optimal grouping by
iterating over all permutations up to four clusters of years. | diré¢ogf8lynth functionsto
calculate means for each period as a predictor, to allow for thiream pattern of the

yearly rate changes.
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Fromall tested combinations of predictor yedraimed to determine an optimal grouping
as a combination of as few groupspassible and a minimised mean squared prediction
error. The final grouping for the und&8 births model was four clusters of years: 2990
1993, 1994, 1995 and 199098 with the synthetic predictor simultaneously aiming to
match England in eagteriod By attemping to match the pattern seen in Engladoss
these four groups of years, the Synth funcporduedan improved fibverthe method of
using the whole period mean as a single pred{¢&PE = 0.092). | repeated this process
with under20 pregpancy rates. The final grouping for this model was three clusters of
years: 1990, 1991995 and 1994998 (MSPE = 4.27, reduced from 23.0 with one mean

taken across all years).

After selecting the best piatervention fit for each using only birth and pregnancy rates, |
tested the effects of adding other predictors on the overall modael$iedtlata recording

GDP per capita, public spending on education, percentage of poputatirban dwellings

and rate of mobile phone ownershigpconstruct controls which were close to England in
other factors which may influence pregnancy rdiegach data source for further

predictors, only aggregate UK figures were available. | usesktas estimates of England
and Walesd metrics and e>predciordmdels, acusingl a n d
identical data would have overs t i mat ed Scot |campdrétel sui t abi
constructed synthetic control fits to greervention pends ancexaminedEn gl and 6 s
observed values across predistalongside synthetic calculated valuesheckhow

closely these were able to teplicated and tassess model fit. | compared the-pre
intervention MSPE to that of the simple model (with no mteds besides pregnancy or

birth rate). Finally, | constructed synthetic control trends across the comparison period with

all predictors included.

3.5.4.2 Testing for Strategy effects

To testfor differences irpregnancy rates from control which were consistetit &trategy
exposure] used the method$escribed in Abadie, Diamond and Hainmue{510,

2011) Removing England and Wales data, | repeated the synthetic control analyses for
each of the other countries to test their deviation fpoedicted controls in the absence of

an exposure and recorded observed and predicted vAkress the observation period |
calculatedyearly prediction gaps as the difference between observed and predicted values.
| calculated mean squared predictioroesr(MSPE) fothe preintervention and post
implementation periodas the mean of the squares of the prediction gaps for each country.

Thesetrends for unexposed countrieere taken as nuéffect placebaghat is, if my
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assumptions were correct, théaese should shothedistribution ofdeviations from
predictedcontrols consistent withoise in the absence dfe Strategywhilst accounting
for common trendsTo test whether the effects dfet Strategygould be detected as
producing greater deationsthan tle range of produced by noise in placebo countries, |
plottedyearly England and Wales prediction gagdengside corresponding differences
calculated for the other countriesebtricted this comparison pdacebaoseries of countries
which had a snilarly closefitting pre-intervention periody using countriewith lessthan
5-times the prentervention MSPE of England and Wal&sis removed placebder

which large postmplemertation gaps may have been dug@tmrly fit models.

Using all compagon countrie8 pl acebo pr edi ¢Bnglamthand Vdalesl pr
| calculated MSPE ratios for each courttgydividing theMSPE of the post

implementation period by the MSPE of the-preervention periodl used this to

standardise estimates of pasiplementation deviation by goodness of-preervention fit.

This post/preMSPE ratiowould be greater than 1 if the predictions of gogblementation
period showed a greater deviation from observed vahaashe pre period, with larger
ratiosrepresenting larger deviations and/or better fit modesaminedhedistributionof

MSPE ratios and the relative ranking of the England and Walesatatigside placebos

This allowed me teheck whether England diWales saw aomparativelylarge deviation

from predicted posintervention rateindicative of an exposure effect

3.5.4.3 Sensitivity analyses

| performed several sensitivity analyses to test the reliability of my models. In initial
models, Scotland was congistly highly weighted in the synthetic control. As |

highlighted in the introduction of this analysis (sect8o? abovg concerns had previously
been raised wh using Scotland as a control due to the potential spill ovéxedbtrategy

media campaig(Craig, Dundasegt al, 2016; Wellings, Palmer, Wilkinsoet al, 2016)

As the aim of this analysis was to provide a comparison with a wider setmfies, | ran
additional models using only birth and pregnancy rates for each data set with only Scotland
data absent to test whether the hypothesised contamination was masking or reducing the
effects of he StrategyTo additionally test for overelianc e on ot her reount
ran nodels with countries removed from the donor list. | iteratively removed the top
weighted country in each analysis, plotting yearly differences between England and Wales
and the new synthetic control, and extractingiptervention MSPE for each to test

whether results remained consistent as donor countries were reffRmaly, |

constructed plots of observed and synthetic rates for models fitted to dummy intervention
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dates across 199898 to examine whether the nabavas robust to shocks in pre

intervention years.

3.5.4.4 Reporting results

For each model | produced line graphs of the observed trends in England and Wales
alongside the synthetic control predictions. | additionally plotted the yearly gaps between
observed andontrol for England and Wales compared with placebos, and the distribution
of post/preintervention MSPE ratios of England and Wales compared with placebos.
Animated timebased placebo graphs were published online (available at
phd.andybaxter.me/Synthanalysig, and frames were combined in facets of static graphs

for reporting in this thesis.

For each model | reported the MSPE of theiptervention period as a metric of goodness

of model fit, the absolute difference in numbers of pregnancies between exposed and
synthetic England and Wales, and-egtue calculated from thgroportionof counties

showing post/préntervention MSPE ratios as large as or larger than England and Wales.
This represented the probability that a ratio at least as large would be produced in the even

that he Strategyad no effect on pregnancy or birth rates.

36Concl as

Across these three analyses | will be able to draw robust conclusions about the existing
evidence for the effects of interventions and changing social circumstances on pregnancy
rates, and the effectiveness of the Teenage Pregnancy Strategy as amgrerample of

such an intervention. The review will indicate the range of potential common causes which
need to be considered when comparing across countries and highlight plausible
hypothesised explanations of observed decreasing pregnancy rates. hia¢utab

experimental methods can give a more reliable assessiibetStrateggy s cont r i bu
thana prepost analysis of England onby accounting fochanges common to England

and comparator countrieshe use of two methods across two datasetsdditianally

give an indication of the reliability of the results obtained by allowing for comparison of
estimates of effect direction and size to test for consistency or conflict. Overall, these
approaches offer a novel combination of research methodsweamportantquestions

about effective approaches to teenage pregnancy prevention and to demonstrate the use o

dependable policy evaluation methods.
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Chapter4 Systemati c Review Res

410vervofewchrapt

In this chapter | report the results of the systematic review identifying plausible

hypothesised causes of the observed decrease in teenage pregnancy in the UK.

From591 articles retrieved through literature searching and 40 additional articles édkentifi
through citationsl identify 89 relevant review$2 ofwhich arerated as higlguality |

presenting zero or one concerns of risk of bias. All reviews present either weak evidence of
the effect of a hypothesi sedorgoevudereeoban a |

effect.

These reviewsresynthesised to produ@® causal branches, grouping together 34 distinct
exposuresComparing new evidence to the initial tree constructed in Chapsecfdn

2.5.3, | assess these branchiesinclusion in an updated causal tree. After assessment of
evidence presented in reviewsetain13 branches for further analysis, with some showing
stronger evidence of potential to have c

rates.

42 Resuagl t

421Search and screening

Database searches returned 591 articles after deduplication. Forty further articles were
added from internet searches and citations or references to prior relvigure4-1).

From thisbody of search resultsidentified 97 review articles, five of which were reviews
of reviews(Swannet al, 2003; Trivediet al, 2007; Bowring, Lim and Hier, 2016;
Shackletoret al, 2016; Bowringet al, 2018) To avoid duplication of finding<ll

citations from reviews of reviews wesereenedand the findings ahe reviews of

reviews themselvesere not used in analysgme review, Fullertoet al, 1997,

conducted searches including systematic reviews but extracted and synthesisddtatudy
alongside other idenified primary studies and so was includéd@e paper@nderhill,
Montgomery and Operario, 2007; Underhill, Operario and Montgom@67I2 Aslamet

al., 2017)reported the results of fuller reviews published elsewfigneerhill, Operario

and Montgomery, 2007a; Underhill, Montgomery and Operario, 2008; Whehkdy

2016)1 these pairings of published papers and fuller reviews were each treated as one
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review. This produced ata of 89 reviews for inclusion in analysis. All included reviews

are listed imMppendix D

591 articles from 40 additional articles
database search (after from citations and
deduplication) reports
Y Y
631 articles to be | 425 articles excluded after screening of
screened - titles/abstracts

117 articles excluded —
R e e 30— No relevant hypotheses of cause
17 —Not a review
15 — No relevant outcomes (pregnancy
or risk behaviour)

13 — Not published full text
v 12 — No comparison (time or
exposed/unexposed)
9 — Not in Europe/HICs
89 reviews included 7 — Not teenagers
6 — Outside relevant time period
5 — Reviews of reviews
3 — Duplicate reviews

v

and reviewed

Figure 4-17 Prisma diagram of search results and screenindeighty-nine reviews met inclusion criteria.
422Qual ity assessment

Sixtone of the 89 r evi e ws$reporingeeroromoneecdnceans 0 h
across the four domains of risk of hidsventy-eight wererated 6 1 o w @Figgred2)l i t vy
High quality reviews were often explicitly described as systematic reviews,amalygses,

or another review design usisgstematic search and synthesis methods. Mostjladity
reviews did not use systematic methods for searching, screening and synthesising
evidence. Amongst highuality reviews the most common concern limiting confidence in
concluding causal relationshipss inadequate accounting for confounding and bias across

diverse study types.
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Figure 4-271 Distribution of study quality acrossall included reviews.Each review was marked across the

four domains of gk of bias and awarded a point if the concern was addressed.

Of reviews rated as o6l owbdé quality, the mi
selectively included and synthesised evidence. Sources of evidence were commonly
unclear, andhe lack & an explicit and systematic search strategy had the potentiziks
relevant studies. In three cases, reviews described as systematic were given a low score d
to concerns of bias in at least two domains. All quality assessment outcomes for included
studies are presented Appendix E

4230verview of findings

Al l review conclusions were rated d&not her
evidence of effeg. No reviews found a consistent negative effect of an intervention. In

most reviews presenting weak positive evidence, evidence of some effect was presented ir
casecontrol or RCT studies of sample populati¢geSectiveness)but no assessment of
thepopulation reach of an implemented interventierpgosurég In three reviews, exposure

was measured across a population, but weak evidence was presented for c&atatygs.

of evidence presented in all reviews by branch are presented online at

phd.andybaxter.me/review_data

Reviews reported on a total of 30 interventions or environment changes associated with
differing pregnancy riskd8¥hen compared with the initial causal treedtion2.5.3,

seventeen new elements wadentified, and four previouslgescribedranches were


https://phd.andybaxter.me/review_data/

86

divided into subkcategories to reflect distinctions used in included reviews. Four
environment changes which were previously highlighted as hypothesised caresestwve
addressed in the literature. The resul®2gntervention and environment chasgeere
categorised int@0 distinct branches to be assessed for inclusion in or exclusion from the
causal treeTable4-1).



Hypothesised Causé
Intervention

High quality reviews reporting:

Low quality reviews reporting:

Positive No effect Negative Total Positive No effect Negative Total
effect effect reviews effect effect reviews
Schoolbased
interventions
Schootbased 10 0 12 8 4 0 12
pregnancy education
Schootbased S‘F_I 3 0 12 4 1 0 5
focussed education
Abstlne_:ncebased 5 15 0 20 4 11 0 15
education
Clinic-based
interventions
Counselling/medical 3 3 0 11 4 1 0 5
staff oneto-one
Schootbased SH clinic O 8 0 8 6 2 0 8
Teenager SH clinic 3 7 0 10 6 5 0 8
access and use
Contraception
interventions
Advance supply of EC 0 3 0 3 1 0 0 1
C_ongiorr}promotlonl 2 5 0 - 5 3 0 5
distribution
Contraception access 5 5 0 4 0 1 0 1

(other)

.8



Hypothesised Causé

High quality reviews reporting:

Low quality reviews reporting:

Intervention

Positive No effect Negative Total Positive No effect Negative Total
effect effect reviews effect effect reviews

Contraception initiatior 0 1 0 1 0 0 0 0
follow-up

Changlng_contraceptlve 3 > 0 5 3 1 0 4

technologies

Community-based

interventions
Communitybased _ 4 0 5 3 1 0 4
pregnancy education
Commgnltybased STI 5 5 0 4 3 0 0 3
education

Adolescent development

interventions
el . 0 0 3 0 0 0 0
i ntervent.
Pe_rsonal development 7 4 0 11 - 1 0 3
(inc. volu
Vocathnallgcaderr]lc 1 0 > 3 1 0 4
trainingA

Digital media-based

interventions
Digital mediabased > 0 > 0 0 0 0

intervention (targeted)

88



Hypothesised Causé
Intervention

High quality reviews reporting:

Low quality reviews reporting:

Positive No effect Negative Total Positive No effect Negative Total
effect effect reviews effect effect reviews
Digital mediabased 1 0 5 0 0 0 0
SH intervention
Education policies > 0 0 2 3 0 0 3
(promoting)
Family/Community 9 4 0 13 4 2 0 6
engagement
Public information/ 0 0 0 0 2 0 0 2
media campaign
Peer-cc_)ntact se?<ual 4 9 0 13* 3 2 0 5
health intervention
Targeting rapid-repeat 3 5 0 3 5 2 0 7
pregnancies
Social support
interventions
Targeting vulnerable 5 0 0 2 1 2 0 3
youth
Social sup O 0 0 0 0 1 0 1
Virtual infant simulator 0 2 0 2 0 1 0 1

68



Hypothesised Causé High quality reviews reporting: Low quality reviews reporting:
Environment change

Positive No effect Negative  Positive Negative Positive No effect Negative
effect effect effect effect effect effect

Later parenting culture  No reviews
Change in education
Educational/career

o . 0 0 0 0 2 1 0 3
aspiration/planning
More years m_school 0 0 0 0 1 0 0 1
acrosopulation
Digital media-driven .
No reviews
culture change
Alcohol usei changing 0 0 0 0 1 0 0 1
patterns
Employment outside 0 0 0 1 0 0 1

school hour

| denotesiewly added hypothesised branéh; Four t een hi gh qual ity rceoriteavst | soexkweal alte alvti ld einniBEmkeuas n to
2010b) assessing only one study, concluded that the results were unreliable, and so thi seviefv i werériotringlsded for this outcome A These i nterve
antecedents of teenage pregnancy, rather than setting pregnancy prevention as a prim&my aigexuallyTransmitted Infection; SH Sexual Health; EC Emergency
Contraceptives

Table 4-17 Twenty identified branches of interventions or exposures hypothesised to cause reductions in teenage pregnancy rates, suladivito 32 distinct modes of
delivery and summarising number of reviews presenting evidence of positive, negagior no effects on pregnancyHypotheses not previously identified are highlighted by blue
borders preceding relevant rows. Branches were identified prior to literature searches (n=8 branches) or through ttezariie\(nk12).

06
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424Exi sting branches with supportin

4.2.4.1 School-based sex and relationships education (SRE)

Thirty-two reviews, 19 of which were of higjuality, looked at schoddased sex and
relationships education programmBsiring extraction, these were divided into
pregnancyfocussed programmes (where avoiding pregnancy was a stated goal, alongside
associted sexual risk behavioyneported inl2 highquality reviews and 12 lowguality
reviews;Table4-1) and STHocussed programmes (where STI prevention was stated and
presented to participants as an alternate or additional risk besides predr2amicy:

quality reviews and 5 lovguality reviews.

Two high-quality reviews presented medaalyses of pregnandgcussed interventions,

with all studiesconducted in the USAnd Canadarhese reviews gawbe most
comprehensive overview of effectiveness. DiCenso ¢2@02)reported no difference in

age of sexual initiation, contraceptive use or pregnancy in studies published from 1987 and
2001. The more recently published review, Marseille €2all8) similarly found no clear
evidence of effectiveness attributable to scHmded SRE in studies published from 1987
2016 This reviewdid identify several potentially effective adaptations which could be
attachedo schoolbased programmes: femadaly sessions and linked school and
community approaches. Several reviews identified isolated effective examples of school
based pregnancy education. Lopez €2@09; 2016)focussing exclusively on RCTs of
theory-based interventions, found several approaches which were effective in improving
contracepte use. Manlove et al2015)and DiCenso et a{1999)highlighted several
interventions which produced positive results in contraceptive use (in each case as a
minority of included studies), though with few clear indicators of elements contributing to
their success and few observations of effects on pregrized.

In reviews of STHocussed interventions, there was more consistent evidence of
effectiveness and a greater number of effective programmes identified, all conducted in the
USA and the UKKirby, 2001, 2002a; Blankt al, 2010a; Cardozat al, 2012; Manlove,

Fish and Moore, 2015; Lopez, Bernhat al, 2016) This finding is consistent with

previous commentators suggesting STI interventions are more effective at addxessing
range ofsexual health outcomé€Kirby, 2003) This outcome may be an indicator of more
sensitive or robust study design, better designed and funded programmes, or the greater
effects of the presentation of a health risk of universal aversibath males and females
(Kirby, 2002a, 2003)
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Overall, there is some evidence that scHmded approaches can reduce pregnancy risks,
however this category represents a diverse range of programme cardritderventions
were tested in relatively few countries. Whilst some prognas may have delivered
positive change, no reviews presented evidence that sbhsed interventions had
contributed to populatiofevel changes in teenage pregnancy rates.

4.2.4.2 Clinic-based interventions

Clinic-based interventions were classified into thggees: improved access to sexual
health clinics, appointments with medical staff, and schaskd clinics. These
intervention types exhibited varying levels of specificity of targeting teenagers and
intensity of engagement. Thirtpur reviews, twentytwo of which were high quality,
examined at least one form of clifh@sed interventio(irable4-1).

Interventions and policies to provide more general access to seaital ¢cimics for

teenagers in community and primary care settings were assessed in-fjlidlityhreviews

with mixed findings These interventions were assessed for effects on pregnancy rates and
sexual health behaviourA metaanalysis across clinibased interventions showed no
evidence of positive effect on contraception useeducing risk opregnancyDiCensoet

al., 2002; five studies, all conducted in the USBgveral further reviews assessordy

one or twostudies also found little additional benefitnew clinics or improved access or
engagemenh preventing pregnanacross several European and North American
countrieg(Lazaruset al, 2010; Wakhiset al, 2011; Blanket al, 2012) However, two

reviews did find positive effects increasing contraceptive use and reducing pregnancies
of clinic-based interventions in the USA and Can@tfanklinet al, 1997; Manlove, Fish

and Moore, 2015)Narrative synthesis of qualitaé studies of the views of adolescents by
Baxter et al(2011)indicated that improvements to the accessibility and confidentiality of
clinics could lead to grater use, supporting their hypothesised contribution to lowered risk

of pregnancy.

Several reviews distinguished general clinic conftach more targeted and intense
engagement with participantsirby, 2001) Appointments or interventions involving

medical staff engaging ofte-one with teenagers at risk were assessed in eleven high
quality reviews. Most reviewers found evaluations of successful programmes conducted in
several countries, with some overlap asreeviews. These reviews concluded that there

was some evidence of their effectiveness in reducing teenage pregnarfgyriogk2001,

2002a; Linet al, 2008; Blanket al, 2012; Coopeet al, 2014; e Z@dn nor
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Manlove, Fish and Moore, 2015; Zapataal, 2015) Such interventions wetaghly

targeted, and evidence was predominantly presented at the level of individual impact.

As a contrastingpopulationwide intervention, eight higiyuality reviews reported ahe
effectiveness o$chootbased sexual health clinics. None found coasistvidence of a

positive effect on sexual behaviours or pregngikasby et al, 1994; Fullertoret al,

1997; Kirby, 2001; Matthias, 2002; Blaek al, 2010a; Lazarust al, 2010; Wakhiset

al., 2011; MasorJonest al, 2012) Whilst somestudiesobservedncreasing

contraception provision through schools, this was hypothesisadtbgrs ofeviews as
constituting a Asubstitution effecto, wid
from the clinic aghey previously had from other sourc¢&srby et al, 1994; Kirby, 2001)

Overall,there was mixed evidence to support the hypothesis that increasingoelasid
interventions and contacts with adolescents contributed to declining pregnancy rates.
Interventions targeting teenagers at greater risks of pregimanogon-one medical
appantments may produce behaviour change leading to lowered risk of pregnancy
However no evidence was presented for the scale of exposure across a population.

Populationwide interventions, such as school clinics, had comparatively little effect.

4.2.4.3 Changing contraceptive technologies (substituting for non-condom
methods)

Nine reviews, five of which were high quality, assessed the impalee gfromotion and
use of norcondom contraceptive metho(igable4-1). These methods include hormonal
contraceptives (pills, patches or injections), various forms ofémtigg reversible
contraceptives, and emergency contracepii@Gasier and Welling2012) | excluded
advance supply of emergency contraceptives, whitsissedn sectior4.2.5.2 belowas
contraceptiorpromotionrather than a contraceptive method exchantgzvention.
Reviews considered evidence fromaage of countriesn Europe and North America
Thesereviews reported three forms of changes in contraceptivesfisetiveness of
specific noacondom contraceptive methods when used by adolespeoitsotions of
these methods as more effective altemsstito condom usand uptake of emergency

contraceptive use.

Two high-quality reviews comparealternativecontraceptive method¥ang et al(2012)
were not able to draw conclusions regarding efficacy of these methods due tcasmpéd! s
sizes (studies conducted in USA, Sweden and Finl&ringer et al(2016)found that
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intrauterine devices had highemtimuation rates thraoral contraceptives and hormonal
injections and patches, though similar to hormonal implatisiies conducted dSA

and Sweden).

Interventions to promote use of contraceptives other than condoms were examined in two
high quality reviewsBlank et al.(2012)foundweak evidence that they contributed to

greater contraceptive adherence and lower pregnancy rates (across the USA, UK, Canada
andSweden)Dean et al(2014)reportedno clear effects ochootbased provision of

improved contraception (USA only).

In one highquality review, observations of emergency contraceptive (EC) uptake across
three populations (France; British Columbia, Canaddthe UK) indicated that policy

changes allowing ovethe-counter access to these resulted in greater uptake from
pharmacies ahincreased us@enno, Chandrdouli and Osman, 2012)n the UK, the

increase in pharmacy provision was matchedéxyreases in prescription of ECs, and so

may not represent greater use. It is also uncertain from this data whether this contributed tc

greater or more effective overall contraceptive use or reduction in pregnancy rates.

Across all examined contraceptitezhnologies, though direct comparison of pregnancy
rates with users of condoms alone was not possible, these results do indicate that
promotion of more effective contraceptive methods may result in reduced risk of
pregnancy. Similarly, evidence of popudbat exposure was found. Together, these reviews
satisfy both categories for strong overall evidence of the contribution of this hypothesised
cause to observed falling population rafEakle4-2), although causal effects on

pregnancy were not tested at a population level.

4.2.4.4 Change in education aspiration and involvement

Three reviews, all of which were leguality, reported environment changes involving
education and thehypothesised effects on teenage pregnéhaple4-1). One review

noted that increases years of schoolingmongst adolescent girls across populatmres

time wereassociated with falling teenage pregnancy ré@dy, 2002b) suggesting a
populationwide effect but not directly testing causation. Three reviews looked at
educational and career aspirati oreddéncef f e
of an effect on pregnancy rigkerr and Matlak, 1998; Kirby, 2002bJhe third review

assessed qualitative studies and highlighted that teenagers may contemplate education an

career risks when making decisions to avoid risk of pregnancy, but did not directly test
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associatior{Spear and Lock, 2003pne additional review, Harden et @006) presented
narrative syntheses of teenagersoé views
aspirations and expectations to greater risk of pregnancy. However, the review did not

present evidence @f change in education goals over time.

Across all reviewsthese findings are compatible with the hypothesised contribution of
increasing education aspiration and involvemenbwering pregnancy rateslowever,

the presented evidence did not test a daetationship

425Exi sting brawvcldesncwi olh | i ttle ef
assessed in Iliterature

4.2.5.1 Abstinence-based education

Thirty-five reviews, twenty of which were higluality, examined evidence for
interventions with an abstinence promotion aspeable4-1). Most studies were
conducted in the USA. This category included both abstirenlse(promoting abstinence
from sex until marriage as the only positive optiom) abstinenc@lus interventions
(promoting safer sex for sexually active teenagsrsecondary to abstinence as best
practice; Santellet al, 2006; Ott and Santelli, 2007; Underhill, Operario and
Montgomery, 2007b)This review focused on whether the common abstirprm@otion
component was effective, as not all reviews presesgpdrate syntheses for each

intervention type.

Metaanalyses of abstinendased programmes were in several cases consistent with null
effects of abstinence programnwelsen compared with treatment as ugaCensoet al,
2002; Marseillest al, 2018) Chin et al(2012) however, reported significant reductions

in sexual activity oly in nonrandomised trials and significantly increased risk of
pregnancy across nine studies. Some evidence suggesting positive effects on sexual risk
behaviours and pregnancy in individual programmesfaasdin several reviewgBlank

et al, 2010a; Cardozet al, 2012; Manlove, Fish and Moore, 2015; Lopez, Bernladlc,

al., 2016) However, the majority of reviews reported results consistent with no effect of
abstinencébased educatiorfFranklinet al,, 1997; DiCenso, Gratt and Willan, 1999;

Kirby, 2001; Blanket al, 2010a; Johnsoet al, 2011) Severakeviewsfoundstronger
evidence for the effectiveness of abstineples programmes than abstinerdy

(Bennett and Assefi, 2005; Underhill, Operario and Montgomery, 2007a; Underhill,
Montgomery and Operario, 2008)his differentiatbn would indicate that the additional
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component including contraception education is responsible for the majority of improved
outcomes and that the abstinence component itself has little impact on pregnancy risk

behaviours.

4.2.5.2 Contraception access interventions

Four types of intervention were categorised as promoting and providing access to
contraceptives. These were classified into three types: condom promotion and distribution,
advance provision of Emergency Contraceptives (ECs), improved access to other
contraceptives, and medical staff followhugp contraception initiation. Eighteen reviews,
eleven of which were highuality, examined at least one contraception access intervention
(Table4-1).

Seven higlguality reviews looked at condom promotion and distribution interventions. A
metaanalysis of four youtfiocussed studies in the USA found positive but uncertain
evidence of their effectiveness on condom ({B®led OR: 1.35; 95%CI: 0.9496; F =

83%; Charania&t al, 2011) Other studieacross the USA and Canada showed mixed
results, with some cases of decreased use of condoms or replacement of other
contraceptives, and several cases of no effect on contraception use or pré§imbpcy
2001; Andrzejewski, Liddon and Leonard, 2018)iccessful condofpromotion
interventions were found in North America when combimirnidp counselling sessions
(Blanket al, 2012)or HIV prevention sessior(€ardozeet al, 2012) These reviews
indicate that condom distribution itself has little effect on risk of pregnancy and that any

effects may be attributable to other elements of such interventions.

Three highquality reviews examined the effects of advance provisidQson

adolescent use &C, other sexual risk behaviours and pregnancy (Meger, Gold and
Haggerty, 2011; Blankt al, 2012; Rodrigueet al, 2013; all studies conducted in North
America, UK or Sweden)hesereviewswere publified in successive years and there was
a substantial overlap of included studies, with four of eight randomised trials reviewed
across all thred.classed the advance provision of ECs as distinct from the promotion and
use of more effective methods (sentb?2.4.3 above asadvance provisiomterventions

were proposed as supplementing rather than replacing other contraceptive methods
(Meyer, Gold and Haggerty, 201Hcross all three reviews there was consistent evidence
that advance supply of ECs increased their likelihood of use and reduced the time between
intercourse and use of ECs (thus theoretically increasing their efficacy). Despite this, no
studies reportingregnancy rates found a clear difference betweesplied groups and
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controls, suggesting little effect on risk of pregnancy overall. Most studies reported little
evidence of negative effects on other contraceptive use or risk behaviours, with
improvemat in some cases. One study, however, suggested that adolescents supplied with
EC may engage in unprotected sex more dfRadriguezet al, 2013) The study

experienced substantial loss to follow up at 12 months asdated poor quality

evidence.

Interventions to promote use of or improve access to other contraceptives (not including
condoms; including EC access upon request but not advance provision) were reviewed in
four high-quality reviews. Policies increasing access to emergency contrageifiive
pharmacies, not requiring a prescription, led to increased uptake of ECs in several
countrieg(Denno, Chandrdouli and Osman, 2012However, in the UK context this was
offsetby a decrease in ECs prescribed to ado
of increased use. In several cases, access programmes led to greater use when combined
with other appoaches, such as counselling in clinic settifijgby, 2001; Blanket al,

2012) or targeting vulnerable you{Penno, Chandrdouli and Osman, 2012Yhere

was little overall evidence that improved access to other contracepiveds led to

reduced risk of pregnancy.

One review looked at followp interventions to enhance contraceptige continuity but

found no clear evidence of any effects across four st@8tesnlanckt al, 2013)

Across the four types of interventions aiming to improve contraception access and use,
there was little evidence of their effectiveness in decreasing pregnancies across a
population. Where intervéions were effective, they were commonly combined with other
intensive and targeted counselling from medical staff. This suggests that improved
contraceptive provision itself has little explanatory power for populdéieel observations

of decreasing teege pregnancy rates. This has been suggested by some as due to a
substitution effect, whereby adolescents who were motivated to use contraceptives were
already capable of accessing these and new interventions tended to alter the source of

contraceptives ther than increase their use.

4.2.5.3 Digital media use (environment change)
No studies examined associations betwaarironmentally drivechanges irdigital

media use and teenage pregnancy rates.
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4.2.5.4 Later parenting culture
No studies examined associations betwadtural changes in perceptions of teenage

parents or norms of parenting at later ages and teenage pregnancy rates.

426 Addi ti onal branches presenting e

4.2.6.1 Community-based interventions

Twelve reviews, six of which were higfuality, exanmed interventions conducted in a
community settingTable4-1), with targeted or invited youth participants attending events
or meetings. Similar techootbased interventions, these were categorised into two groups
of pregnancyfocussed and Sitbcussed (with or without combined pregnaiicgus)

interventions. All included studies were conducted in North America.

Interventions which focussed excludiwven pregnancy prevention were examined in five
reviews, with limited evidence of effectiveness. Four reviews identified successful
programmegDiCenso, Guyatt and Willan, 1999; Kyp2001; Wakhiset al, 2011;
Cardozeet al, 2012)but the majority of studies (and earlier versions of similar
programmes) produced inconsistent effects or no observable change. Two rentegrs
that interventions witintense and prolongezkposue appeared to be more successful and
suggested that these factaray be necessary for continuing effectiven@€enso,

Guyatt and Willan, 1999; Kirby, 2001n one review, several community approaches
were combined with schotlased approaches (categorised in this review as both school
based and communHyased) but produced inconsistent results, withesorerventions
reportingreductions ircontraception us@NVakhisiet al, 2011)

Four reviews included studies evaluating commuhéged interventions focussing on STI
prevention or combining SBnd pregnancy prevention and found stronger overall
evidence of effectiveness. Lopez et(2D09)focussed exclusively on RCTs evaluating
theorybased approaches and reported interventions resultfeg/@rpregnanesand
increasecatontraceptive use. Cardoza et(@012)reportedncreasecondom ownership

and increased sexual abstinence from one study. Chir{28112), aggregating both
intervention types, reported overall effectiveness in several areas of reducing sexual risk

behaviours but no significant effects on pregnancy.

Overall, these reviews suggest it is possible to deliver effective interventions iruocdsnm
settings, though with mixed evidence of the benefits of the community approach itself.
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Similar to schocbased interventions, more consistent evidence was found for the
effectiveness of SHocussed than pregnanéycussed interventions. No evidengas
presented in reviewassessingopulationwide exposure to communityased
interventionsThe suggested requiremeat high intensity andbng durationfor
communityprogrammeso achieve their goalsowever may make such interventidess

feasible for populatiowide implementation.

4.2.6.2 Adolescent development interventions

Twenty reviews, twelve of which were high quality, reported on interventions intended to
address wider goals of improving adolescéntss o c i al  ¢Tabled-1).imsdveral c e s
cases pregnancy prevention was noted as an aim, but predominantly such interventions ha

other primary goals.

In eleven Iigh-quality reviews, evidence was assessed for interventions to improve
adol escentsd personal development invol vi
experience, future planning, seléteem and assertiveness training. The revigiwthe

widest scopeconducted by Gavin et §2010) focussed exclusively on youth

development programes addressing more distal social determinants, with less than 50%
of participant contact time focussed on addressing proximal causes of sexual risk
behaviour. They identified a large number of programmes which were effective in
reducing sexual risk or pgaancy(conducted in the USA and Australia; Gaeinal,

2010) Other reviewsncludedsmaller subsets of these studies, similarly concluding that
there wasvidence of effectiveness in some program(@e€enso, Guyatt and Willan,

1999; Kirby, 2001, 2002a; DiCenst al, 2002)

Two high-quality reviews looked at studies evaluating vocational and acadeximing
programmes. Parts of these were often combined with more general development
interventions (addressed above). There was some positive evidence for positive impacts of
interventions including vocation and academic training and support acrdsSAhe

Canada and the UKullertonet al, 1997; Hardert al, 2006) but no testing of the

specific contributions of these elements. Furtherdmality reviews highlighted these and
similar programmes and studies, drawing positive conclusions about their potential to be
effective(Kirby and Coyle, 1997; Nitz, 1999; Fletchatral, 2007)

Three highquality reviews looked at the loftgrm effects of early years interventions,

including studies in the USA, Canada and the UK. Thregrammes were identified and
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metaanalysed by Harden et §2006) with two of thesencludedin Kirby et al.(2001)

and Zoritch et al(1998) In metaanalyses across atudieshere was somevialence of
effectiveness in reducing the risksafbsequerteenage pregnanci@idardenet al, 2006)

Two preschool prgrammes (the Almdaran Project and the Perry Preschool Project)
were reported a®ducing rates of teenage pregnaanyngst relatively small sample

sizes (n = 111 and n = 32espectively; neither showing significant results). One
programme targeted sohl-agedchildrenwith a larger sample (the Seattle Social
Development Program; n = 80@und positive, but not significanteductionsn

pregnancy rates. All studies repmipregnancy rates amongst teenagers who had
undergone interventions outside bétreview period (in the 1960s, 1970s and 1980s).
Such interventions may have contributed to lowering rates within the review period (after
1990) due to delayed effects or repeated programmes, but this was not assessed in include

reviews.

Whilst no evidene was presented for a populatieitle exposure or impact of such

adolescent development interventions on teenage pregnancy, there is some evidence for tt
positive impacts of these interventions upon the antecedent social determinants of
pregnancy. Widepolicies targeting these but not specifically addressing pregnancy,
thereforenot assessed here, could plausibly have contributed to observed decreases in

pregnancy rates.

4.2.6.3 Digital media-based interventions

Seven reviews, all of which were higjuality, exanined sexual health interventions
conducted using digital media devices to communicate with or disseminate information to
adolescentéTable4-1). Examined studies werconducted in the UK, USA, Australia and

the Netherlands.

Five reviews looked at amge of interventions using digital media to deliver sexual health
promotion messages to groups of teenagers using games and interactive activities, widely
distributed mesages or enabling access to informa{Guoseet al, 2012; Hieftjeet al,

2013; McLellan and Dale, 2013; Joretsal, 2014; Widmaret al, 2018). Several

interventions were identified across these reviews which were effective in promoting
behaviour change. The majority of studies reported more proximal measures of knowledge
or attitude changes, which were not relevant for this review. @new(Jone<t al,
2014)highlighted several contradictory effects on behaviours and was classed as not
showing consistent evidence of beneM&dman et al(2018)metaanalysed condom use



101

and abstinence, finding positive effects on both outcokl@sever, countries not relevant
to this review were included in both analyses, limitinggbeeralisabilityof the effect size

to target countries.

Two reviews looked at interventions targeting vulnerable youth inéngfagement
settings or through enrolment in a sexual health messaging s@eiSenetet al, 2015;
L 6 E negadl, 2016) Neither review found consistent evidence of a positive effect in
pregnancy prevention. No data was reported indicating wider population rollout or

exposure to these interventions.

4.2.6.4 Policies promoting education

Policies promoting educational engagement, achievement or prolonged attendance were
discussed in two high quality revie\ildardenet al, 2006; Dearet al, 2014)and three

low quality reviewgTable 41; Kirby, 2002b; Beltzt al, 2015; Fleminget al, 2015)
Amongst highquality reviews, Harden et.gR006)found evidence thatarly-years
educational interventions were successful in preventing pregnancy risk, and hypothesised
from qualitative interviews with teenagers that this was mainly due to their motivation to
avoid pregnancy (in the USA, UK and Canada). Dean €2@l4)looked at two studies
focussing on providing access to education for teen mothers after birth, which were both
effective in reduaig the risk of rapid repeat pregnancies. To supplement these limited
findings, data from three lowuality reviews was further considered. Kirta002b)
hypothesising several possible mechanisms of action, hightightdence thatime in
education is linked to reduced pregnancy risk and disdasstudy evaluating a successful
intervention aiming to increase school attachment (resulting in lower pregnancy risk).
Beltz et al.(2015)found five studies evaluating education policy changes and concluded
that these present reasle evidence for their effects on lowering pregnaraiesssstate
populations Fleming et al(2015)additionally discussd supported return to education as a

protective factor against rapid repeat pregnancies.

Taken togetherhe above evidence from bdtigh- and lowquality reviewssuggest a
positive effecof policies promoting educatian reducingteenaggregnancy risksThey
draw out several possible mechanisms of action which strengthen this causal inference.

Datarecording effects of populatiewide exposurdurther add tdhe strength of evidence.
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4.2.6.5 Family and community engagement

Twenty reviews, thirteen of which were high quality, reported a range of family and
community engagement interventigii@ble4-1). These interventions were considered
distinct from communitybased education interventions as they were conducted as open,
communityengagement focussed programmes ratherdttandance at a series of
sessionsThe aim of achieving pregnancy reduction through improving-teng support
from parents and through community relationships was often explicitly gtatrég,

2001)

Three reviews which specifically aimed to assess pdioenssed interventions found these
to be effective in 50% to 100% of included studesconducted in the USA; Wight and
Fullerton, 2013; Suttoat al, 2014; Gaviret al, 2015) whilst one reported inconsistent
results(Downinget al, 2011) Further reviews with wider scope highlighteddence of
effective family and parent programm@§akhisiet al, 2011; Manlove, Fish and Moore,
2015) Parentfocussed appeared to be more effective than faembagementDowning

et al, 2011; Suttoret al, 2014) and culturallytargeted approaches may be more effective
than generic programmé8ardozeet al, 2012; Suttoret al, 2014) Improving parent
adolescent communication was highlighted as a mechanism with evidence presented for
the effects of the interventiona this proposed mediat¢Dpowninget al, 2011; Gaviret

al., 2015) In one review, it was suggested that comparisbpsrentdelivered
interventionswith healthcare workedelivered interventions indicated similar levels of
effectivenesand were more effective than no interventipowninget al, 2011) Though
communityengagement programmes were reported with positive results in several cases
(Cardozeet al, 2012) the approach of building community relationships was less

commonly usedhan familyfocussed interventiorend had mixed resul{&irby, 2001)

Oveall, reviews reported relatively strong evidence for the potential effectiveness of
parent and family focussed interventions, through the hypothesised mechanism of
improving parentadolescent communication to avoid sexual risks. All studies showing
effects on pregnancy and pregnansk behaviour were conducted in the USA, and no

evidence was presented for a populatrde effect of an implemented intervention.

4.2.6.6 Targeting rapid repeat pregnancies
Fifteen reviews, eight of which wead high quality, lo&ked at interventions targeting rapid
repeat pregnancies by engaging with adolescent women with a previous preJdney

4-1). Aslam et al(2017)conducted metanalyses across nine studies, split by intervention
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type (6home visité, édcommunityd and Ot el
repat pregnancy in any of the three intervention types or in any individual study. Dean et
al. (2014)saw a clear significant pooledduction in repeated pregnancies across sixteen
studies(two studies overlapping with Aslaat al, 2017) though this analysis included

papers published outside of the time scale of this review. They additionally highlighted
three examples of effeg programmes in narrative synthesis, all evaluated after 1990
(Deanet al, 2014) Some evidence of effective pragnmes in the USA was presented in

two additional review¢Blank et al, 2010a; SmithBattletal., 2017) but results were

mixed or unclear in other reviews andsiadies conducted imther countrie¢Blank et al,

2012; Rodrigueet al, 2013; Lopez, Greyet al, 2016)

Overall, there was insufficient evidence to include or exclude interventions targeting repeat
adolescent pregnancies as a plausible explanation of decreasing pregnanéythatgsh
targeted at a highsk subgroup rather than all teenageepeat pregnancies were

estimated to account for one fifth of adolescent pregnancies in ti{Aa&l&met al,

2017) effective interventions targeting this vulnerable group could potentially produce
detectable effects across a population. However, no evidence was presented in these

reviews for populatiotwide implementation of such interventions.

4.2.6.7 Employment whilst attending school

One lowquality review examined the effects of youth employment during school holidays
and outside school hours on pregnafigble 41; Nitz, 1999) Within this review, one

study presented the results of a programme conducted in the USa@videpjobs to

vulnerable youth with the primary aim of addressing employment and education
difficulties as determinants of pregnancy risk. They found a decreased risk of pregnancy
amongst participants. However, study quality was not assessed. No re\oked &

employment rates as a nortervention environment change.

427Addi ti onal suggestilednibtveedde hes Wi
evidence of |l Tttl e effectiveness

4.2.7.1 Peer-contact intervention

Eighteen reviews, fourteen of which werehigh quality, examined studiesporting peer
contact intervent i(bablesdd). Thdsé ieterverdion®amegpto e g n a |
disseminate information, promote health behaviour through cutthasige, or enable
access to contraception through a Me&cr ui f
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analyses in Marseille et 42018)and Kim and Fre€2008)found no clear evidence of the
effectiveness of peded interventions observed across several countries (the USA, UK,
Canada and Italy). Acroseveral reviews, some examples of effective peer led
programmes were highlighted. These were assessed either as parts of multicomponent
interventions compared to usual care or as-fmsecompared to addléd interventions

(Kirby et al, 1994; Wakhisket al, 2011; Brittainet al, 2015; Lopez, Bernholet al,

2016; Lopez, Greyet al, 2016) Overall, however, there appears little consistent evidence
of the effectiveness of the peed component itself across most studies and contexts
(DiCenso, Guyt and Willan, 1999; DiCenset al, 2002; Lazarust al, 2010; Tolli,

2012)

4.2.7.2 Virtual infant simulators

Interventions using a computerised infant simulator, conducted in the USA, were examined
in two high-quality reviewgTable 41; Blanket al, 2010a; Cardozat al, 2012) This

approach uses simulators (robotic dolls) to mimic the tasks of parerdhdatkevelop

adol escentsd understanding of the costs
on three studies using the ABaaDi0a)fdumdno k | 1
conclusive evidence of effectiveness across programme aims; measured outcomes were n
explicitly stated in the reew. Cardoza et a{2012)reviewed a study recording increased
reported use of contraceptives (from 24 to 31 of 109 participants), but this was not
measured against control or tested for significance. Adoality review also reported

from this study an increase in participants wanting to be a teenage parent from 12% before
intervention to 15% aftgiHoyt and Broom, 2002}though did not report on measures of
behaviour change. There is little evidence across all reviews of substantial effects of this
intervention on pregnancy and pregnanisk behaviours and me reportedwider

implementation across a populatienamongst higitisk groups

4.2.7.3 Public information or media campaign

Two reviews, both lowguality, reported evidence for public health information or public
media campaigns to reduce pregnancy ({Tsble4-1). Grunseit et al1997)highlighted

two studies evaluating public iMfmation campaigns (conducted after 1990), one showing
a large increase in condom use, but neither compared with control. Kirch€Qjsst
highlights a population wide intervention which included a national information campaign
(the Teenage Pregnancy Stratelgyd) concludes there is little evidence of the

i nt er vaverdlleffeciveness. Overall, little evidemcof low quality, was found for

the impact of public information and media campaigns.
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4.2.7.4 Social support interventions

One lowquality review examined the effects of policies providing benefits support for
vulnerable families on statevel teenage pregnancgtes(Table 41; Beltzet al, 2015)

This review did not find strong or consistent evidence of the effectiveness of these policies,
concluding that results were mixed. Limited evidence from two-bigdlity reviews
suggestshe targeting of prevention efforts at vulnerable subsections of the adolescent
population may have enhanced effectiveness. Ki2b@2a)reports that studies targeting
more at risk youth with HI\prevention and sexual health interventions had potentially
more impact. Johnson et §011)also report greater effectiveness amongst
institutionalised youth. Neither review presented evidence that effective approaches in
targeted groups was able to contribute to observed gipulevel changes in rates.

4.2.7.5 Adolescent culture i alcohol use

One lowquality review examined U8ased surveys recording alcohol use and sexual
behaviour(Table4-1) and reported evidence that alcohol use amongst teenagers was
associated with both engagement in sexual activity and lack of contracept{#etrsand
Matlak, 1998) The mechanism hypothesised for this was impaired risk perception
informing sexual behaviour. The review did not present evidence of changing patterns in
reducing alchol use over time or test causal assumptions, so was considered weak

evidence of this factordéds effects on pop!

428Revi ewing the causal tree

4.2.8.1 Summarising the evidence

Evidence for the effects of each branch
presented i able4-2. Overall scores were determined from consistent eviderae of

effect (across domains of Direct, Mechanistic/Coherence and Replicability), giving one
6+06, and theivscathlglity toe whole population similar to the (Ekposure),

gi vi ng an Bicd évidence wagiven a gréater weight, astnast tests of

direct effects would provide reliable estimate @ffectivenesgven in the presence of
conflicting evidence assessidechanistic/Coherence and Replicability domaitbere
evidence was found indicat ienaljevideoce.dvd ect ,

i nterventions were assigned O0++06 denoti n¢
approaches to have contributed to change:
contraceptive technologies and policies promoting educaliowed both strong evidence

of effectiveness and some observations of populatidle exposure.



Branch

Schooltbased
interventions

Abstinencebased
education

Clinic-based
interventions

Contraception access
interventions

Changing
contraceptive
technologies

Community-based
interventions

Adolescent
Development
interventions

Direct Mechanistic/ Replicability Exposure Overall*
Coherence
Data are presented which A logic model or narrative Results are seen consisten Observed across the
show an effect while synthesis of mechanisms i: in different national context: population of a whole
controlling for plausible presented; AND The mode nation; OR
confounding is coherent with what is Observed amongst a large
currently known proportion of the
population, or a higkrisk
group; OR
Noted by authors to have
been applied to a populatiol
other than the observed
groups
+ + + +
0 0
+ + +
0 + + + 0
+ + + + ++
+ + +
+ + + +
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Branch

Digital media-based
interventions

Education policies
(promoting)

Family/Community
engagement

Public information/
media campaign

Peercontact sexual
health intervention

Targeting rapid-repeat
pregnancies

Social support
interventions

Virtual infant
simulator

Direct Mechanistic/ Replicability Exposure Overall*
Coherence
Data are presented which A logic model or narrative Results are seen consisten Observed across the
show an effect while synthesis of mechanisms i: in different national context: population of a whole
controlling for plausible presented; AND The mode nation; OR
confounding is coherent with what is Observed amongst a large
currently known proportion of the
population, or a higkrisk
group; OR
Noted by authors to have
been applied to a populatiol
other than the observed
groups
+ + + +
+ + + + ++
+ + +
0 + 0
0 + 0
+ + +
0
0 + 0
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Branch Direct Mechanistic/ Replicability Exposure Overall*

Coherence
Data are presented which A logic model or narrative Results are seen consisten Observed across the
show an effect while synthesis of mechanisms i: in different national context: population of a whole
controlling for plausible presented; AND The mode nation; OR
confounding is coherent with what is Observed amongst a large
currently known proportion of the
population, or a higkrisk
group; OR
Noted by authors to have
been applied to a populatiol
other than the observed
groups
Later parenting culture No evidence presented NA
Change in education + +
Digital mediause :
git No evidenc@resented NA
(environment change)
Alcohol usei changing + 0
patterns
Employment outside + N

school hours

| denotesiewly added hypothesised branthBr anches are assigned one 6+6 for presentation ofcebear, 6Re9pi

denoting evidence suggesting the effectivemedseofoEixtpeo saip proo & ah ,eqamrgeffectrmay dhépedsentiirfiitgnatdre:
strong evidence suggesting a null effect was pr es e marmthedverall effacfivenessa teeggdb roy0 éa.cr 0ss r e vi

Table 4-27 Summary of overall evidence presented, categorised by causal tree branttypotheses not previously identified are highlighted by blue borders preceding relevant
rows.

80T
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4.2.8.2 Branches removed

Two intervention branches presented little overall evidence for effectiveness across a large
number of reviews and studigslarge number of naews assessedbstinencebased

education programmes atwhethempresented relatively little evidence of their

effectiveness in reducing pregnancy risk. Where abstineased programmes were
individually found to be effective, they tended to incorpoed¢enents shared with other
causal brancmless @ 06aibrsadli mainreg . Comsedquentdyc e pt i v
deemedhe abstinence component to provide no explanatory power for observed effects

andremoved this branch

Across all interventions targety promoting contraceptive access and use, the majority of
reviews did not find clear evidence of effects on pregnancy risk. As this was a relatively
widely reviewed intervention type, lack of consistent evidencenkedo removehis

branch also akjudged itunlikely to explain drops in population rates.

Such extensive evaluation of welstablished programmes could be expected to show
indications of positive outcomes were they able to achieve their §oamsoved hese two
branches from the causagérad consideredhemunlikely to have contributed to observed
falling rates. Other branches with no evidence of effectiveness, but not considered by

reviews, were retained due to uncertainty.

4.2.8.3 Branches retained for further consideration

| retained hreebranches representing intervention pathwaysf@snd evidence of their
potential effectiveness across reviews. Policies promoting stiased sex education were
effective in some cases, indicating that increasing efficacy of such programmes may
contribute to lowering pregnancy rates. Cliliased interventions were more effective

when delivered in more personalised, individualised settings. Whilst no evidence was
presented for the increased exposure of a population to such changes in healthcare
delivery, it is feasible that greater accessibility and engagement through clinics may have

contributed to falling rates.

Changing contraception technologies presented comparatively strong evidence for the
potential effects upon a populatidReviews reportedffectsin trials in different national
contextg(demonstrating replicabilitygandthese effectsvere also observed when examined
across whole populations in the casemgrgencycontraception provision.
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Two hypothesised cultural causes of lowering pregnpaates were not assessed in any
reviewsi later parenting culture and changes in digital media use. These were retained in
the causal tree, as lack of evidence may represent an insufficient search strategy, or the
relative unlikelihood of reviews to cader environment changes alongside interventions.

Further investigation may produce clearer evidence of their effects on teenage pregnancy.

4.2.8.4 New branches added

Several suggested causes presented some evidence of their effectiveness in reducing
teenage pregnancy rates. Commui@ged interventions focussing on STI prevention,
adolescent development interventions, family and community engagement, and
interventions targeting rapid repeat pregnancies were each considered in several reviews

and sawmnoderate evidence for their effects on pregnancy rates.

| found some evidence for the effectivenessigital mediabased sexual health
interventionswvhen delivered to a group or a class of adolescents. Interventions using
digital media to deliver contetd vulnerable adolescents showed little evidence of effects
Relatively few studies examined this pathw@wch interventions may have only begun to
be studied recentlgue to the developing technologies giving rise to new approdches.
added he branchdr digital media interventions to represent the possibility of the impact

of greater uptake of such an intervention in recent years.

Policies and interventions promoting education were also added to the modelcdumse=e
were additionally considered iplatively few reviews but presented fairly consistent

evidence of positive impacts and were also assessed across populations.

A final addition to the model was increased employment of teenagers outside of school
hours.My initial tree proposedhis branchas a change in cultureowever itwas only

addressed in one review as an interventiaaded thip at hway t o O6Enviro
to allow for wider investigation of ongoing shifts in adolescent employmdnist still

allowing the tree to beensiti\e to interventions aiming to influence this.

Further modification of the tree includedmbiningthe behavioural mediators in the

01l nt er v e n tintoonme $ax Figure4:4). Thesepathways weraot clearly

distinguished acroggviews The pat hway of decreasing O
to the upper section to reflect the explintervention element of motivating an adolescent

to avoid a pregnancy they might not have otherwise considered as unwanted.
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Figure 4-37 Interim causal treegreying out branches and pathways witHittle evidence of effectivenesdNo evidence for negative effects were found across any intervention or
environment change. Two intervention tyfiesbstinence education and contraception adcesse assessed across several reviews with evigeasenteadonsstent with null
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Behavioural mediators in the upper section of the diagram have been simplified as these weaglynand consistently mapped across the literature addressing the interventions.=
N
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43 Di scussi on

My reviewof reviewsfound evidence assessing several hypothesised causes of reductions
in teenage pregnancy and highlighted a number of additional pathwegsable to

assess the strength of evidence for the effects of the majority of identified causal pathways
on the pregancy risk of those exposed to each intervention or environment cliramge.
severalcausal pathwaythere wasvidence of a populatiewide exposure, indicating their
scalability to whole ppulations and potential to have similarly affected the Akhough

two hypothesised causes shovestitience of both efficacy armmbpulationwide exposure

i changing contraception technology and policies promoting education involvement
reviews causally tested the effectaes of al
from 1999. Consequently, the data presented here is unable to answer the question of wha
contributed to observed falling ratiesthe UK Clear directions for further causal

investigation are identifiable from the reviewed literature.

Most reviews eglicitly aimed to search for and synthesise evidence for the effectiveness
of interventions, usually restricting inclusion to papers reporting similar methods or
locations of delivery. Environment changes were rarely considered by reviews.
Consequently, myeview of reviews may not have been sensitive to captiiner
publishedresearch outputs assessihgse environment changes, as they may not have
been included in the scope of identified reviews

431Assessing the updated causal tre

Theupdatedcausal tresynthesisedrom the reviewed literature incorpoeat broader
range of interventions designed to lower rates of teenage pregnaniy adking 6
intervention branchesndincludesone further hypothesised environmental change. The
final suggested caesin the tree Figure4-4) represenboth pathways with at least some
evidence of effectivenesalongsiderelatively unexamined pathways with few studies

testing their contribution to observed changes.

Several intervietions were reported in a large number of reviews with inconsistent
findings. The heterogeneity of results in several cases may have arisen from diverse
programme designs addressed under the same hedébngxample, mongst schoel

based interventionshére were overlapping aims across programme fiyees,

postponing sexual involvement, reducing number of partners, reducing pregnancy rates,

reducing STIsHowever, there wengotentially differences iprogramme elements
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implementationproducing hetergeneous impact on pregnancy risk. This was partially
addressed using split categories of pregndacyssed and STbcussed education
programmes. STI programmes are likely to focus on condom use to prevent transmission
whereas pregnancy programmes megommend other contraceptives with less-eseor

risk. STI programmes motivate action through raising awareness of infection, whereas
pregnancy programmes inform about pregnancy and childbeAdaescent pregnancy is
not al way s (Késy MaddowZenetdaredd\Gpaia, 2017)notivation to avoid
pregnancy may be less universal than motivation to avoid infe&uidtitionally,

motivation to protect against STIs ynae more equally shared across both participants
Male partners may be more prompted to take action to avoid infection than pregnancy
Differences in programme focusses may contribute to differences in effectiyirbgs

2003) In recent implementations of schdmsed SRE, both sets of goals and messages are
likely to be incorporated and communicatedy. RSHP, 2019)

Studies evaluating schebhsed irgrventions may have produced diminishing results over
time. Reviews conducted latémcluded more recent primary researshowing little effect
masking the effectiveness of interventions tested i1 89®s(Marseilleet al, 2018) As

all studies reported comparisons with (relatively heterogeneous) sexual health provision at
that time and within that country and state, gradual improvements incorparated f
previously developed interventions may reach a saturation point. More substantial
overhauls of educational approaches compared to usual care in early studies, representing
paradigm shift in public health approaches to sexual hgalth, 2009) may give little

indication of the potential effects of further incremental improvements in SRE in later
periods. Other reviewers have identified severasamhich may improve effectiveness

(Kirby, 2001; Swanret al, 2003; Trivediet al, 2007) however, this review did not

examine which components of SRE were tested for effectiveness. The incluSiRE af

the final causal tree allows for this uncertainty but prompts more robust causal analysis of

the effects of educatiefocussed programmes to reduce pregnancy.

In several cases, no or little evidence was found addressing environmental exposures,
potentially either reflecting unconsidered hypotheses or questions not prioritised in

reviews.

In two caseshranches may bais-specifiedas intervention or environment change. The
decision to classify increased employment as an environment change allaws for

investigation as a natural trend, although evidence was only presented in one case for its
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manipulation in an intervention. Additionally, trends moving towards use of other
contraceptives may be driven by secular trends in changing norms of contecegiinod

choice rather than by interventions designed to promote such changes. Though strong
evidence was found for interventions promoting such changes, unexamined cultural trends
may still have contributed more to observed population cha@gesion slould be taken,

due to the potential of misspecification, in interpreting this evidence as assessing the
effects of interventions to promote changing contraceptive technologies. Likewise, further

i nvestigation of this paghdultaked@ase tocaocountrfor b u 1
nondesigned changes in contraceptive use across the time period.

432Strengths and | imitations

A clear strength othis reviewwas itswide search of upo-dateliterature focusing on
reviews which may have been influential @ngoing practiceData from a large number of
reviews, examining a large number of studies and a broad range of causal patlerays
synthesised to give@ncisegraphical summary in the updated causal tree. Hypothesised
pathways were identified whiakere not previously detected from nsystematic

literature review approaches. This synthesis of hypothesised causes in the causal tree

presents the competing models as testable branches.

One limitation is thattte search strategy used, which focusseceuiews, wagpotentially
more sensitive to interventienelated hypothesised causes than environment and culture
changesThe aim of most reviews was to evaluate intervention approachiss $mited
their sensitivity to detect evidence testing environtakechangesAdditionally, the

methods used tevaluatanterventions aréeally protocotdriven,using robust causal
methods and presented clearly. Exposure to interventions can sometimes feasibly be
manipulated by evaluators to compare outco(@eaiget al, 2019) Causal investigation

of environment changes unlikely to be possible through manipulated exposanel so
similarly robustassessment of nagdesigned trends may be less commonly conducted and
less commonly reviewed. This review is likely to have both included environment changes
with no effects on teenageggnancy (but not clearly testediincludedliterature), and to
have omitted potential candidates for significant impacts on pregnancyRates, 2020)

It is possible that the updated causal tree will not be able to explain the full effects on
teenage pregnancy seen in the UK. A further review of primary studies could add to the
evidence in this review by focussing on environmental exposures and igchudinler

range of literature testing associations alongside causation.
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Previously used tools for assessing risk of bias in reviews were not suitable for use in this
analysis. My approach was to develop a new tool to give a simple grading of study quality,
however this tool has not undergone tests of reliability and validity. Domains may have
been open to interpretation and have produced bias in rating study quality. The
predominant split in my rating and ®Base o0f
set of wellconducted and weheported systematic revievasd norsystematic literature
reviews. Potential unreliability of the tool or subjective judgements in using it may have

unfairly weighted influential reviews in deriving conclusions.

A further imitation is the exclusion gfublishedprimarystudies, known about from other
sourceswhich were not encountered in review literatureone instance, more recently
published RCT of virtual infant simulators found an increased risk of pregnancy stmong
intervention participants over control, suggesting a negative ¢Baokmanet al, 2016)
Thisresult however, was consistent withy review findings of no significameductionof
adolescenpregnancyates fronvirtual infant simulator interventiongor branches with

little or conflicting evidence of effectiveness, further synthesis of primary studies could be

more sensitive to morepuo date and relevant evidence assessing effectiveness.

44 Concl usi on

The aim of this review wat® assess the evidence for hypothesised causes of reducing
teenage pregnancy rateshe UKand detect and assess other causes presented in the
literature.l present aummary of hypothesised pathways which could inform further
testing to determine their contribution to the observed reductions in teenage pregnancy
rates in the UK from 1999 to 2016.

An initial proposed intervention to test is the Teenage Pregristnaiegy, applied to the
whole population of England from 1999 to 2010. As highlighted in Chaptke Bttategy
has been proposed asexplanatiorof the observed decrease in rates and comprised
several of thdranchesdentified aboveStrategy eleménincluded schootbased sex and
relationships educatioengaging with parentand sexual health clinic access andiuse
branchesncluded in the updated tree as potentially effective approdEtaeiey, Ingham
and ChandraMouli, 2016) The Strategylso included branchesith little evidence of
effectiveness: contraception access and a national media camigagyntervention as a
well-defined programme with a clearly identifiable exposure peviodld be one potential

opportunity to test as a hgfhesised cause.
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This review presents a broadly scoped review of actions taken to reduce teenage pregnanc
and hypothesised environmental changes affecting pregnancyitrates a novel

approach of developing a search strategy from an initial treepotigsised causes and

using the literature to update the tree to synthesise available evitdsaceessfully

eliminated brancheshich had been repeatedly tested but for wiigne was evidence of

their ineffectiveness, and therefavere unlikely to hae contributedo falling rates

observed in the Ukand provided stronger evidence for branches with the potential to have

had an effectMy updated tredighlights causal pathways for further investigation.



118

Chapter5 Comparing England wit
Wal es using I nterrupted Ti

51 0verview of chapter

In this chapter, | report the results of my interrupted time series analyses of effects of the
Teenage Pregnancy Strateggyd discuss the implications of the findings. | use a
segmented regression approach, assigning England and comparator countries a pre
intervention and posmplementation period either side of the 1®&tegy launch and

test for changes in level and trend attributabldéoStrategyComparison models are used
to account for other policy, cultural and environmental changes. | usaksesitivity

tests to determine the consistency and reliability of my models.

52Resul t s

521Expl oratory visualisation of pre
Wal es and Scotl and

Figure5-1 shows the yearly unddi6, underl8 and undeRO pregnancy rates for the years
19872016 (as available) for England, Scotland and Wdles.years before the 1999

Strategy launch were consi@el the prantervention period (unexposed twetStrateg),

and 1999 and following years were considered theipggdementation period (exposed).

To allow comparison to detect changes in teenage pregnancy trends occurring at the
introduction of he Stratgy, | required data recording the same measure of pregnancy rates
for England and a comparator across both theémeevention and postnplementation

periods. | obtained sufficient data to allow analysis of the primary outcome measure,
underl18 pregnancyates, as separate comparisons with both Scotland and \Wijess(

5-1).
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Figure 5-17 Yearly pregnancy ratesacros age groups 6Under 16606, 6Under

England, Wales and Scotland, 1987 to 2018he range of pregnancy rates did not overlap between age
groups; the three extracted age groups are highlighted by shaded sections stacked acrossTtheegraph.

time points discussed abové he 1996 Ibebirategyausch ia 1969%and the 2008 common shock

i are marked by dashed vertical lines.

As data recording unddr6 and undeR0 pregnancy rates for both England and Wales

were only availabledr the posimplementation period, comparisons using England and
Wales separately were not possible for these age categories. Using combined England anc
Wales data to compare with Scotland rates, | was able to examine long&eprention

periods acrosall three age group$igure5s-2).



120

1996 'Pill scare' 1999 Strategy launch 2008 Common Shock
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Figure5-2i Year |l y pregnancy rates across atyadgronaps o0
Scotland and combined England and Wales, 1987 to 2016.

Examining yearly pregnancy rates befdre Strategyaunch in 1999, all three countries
showed similar rates and similar trends from 1991 onwards. Data available for Scotland for
dates before 1991 showed larger gaps between Scotland and combined England and Wale
than across the remaining preerventionperiod from 1991 to 1998-(gure5-2). This
suggests that Scotlandbs rates across t h
mat chi ng Engl aevel and atredd<lsangg at 1981go Stotldnd data to
correct for a potential bias would explicitly exclude 198B0 Scotland data points from
calculation of a fitted line to 1991998 data. Consequently, | did not use these data and
restricted analyses 91 onwards. Overall, | judged Scotland and Wales to be good

controls for England in this analysis.

Across the 1991 to 1998 pratervention period, | noted potential common events

affecting pregnancy rates across all three countries to be account&lll dountries

across all age groups showed a sharp inci
s c ar e (Furedy E999)As theredid not appear to be a similarly shaped drop in rates

in later years indicating the end of a defined exposure period, | treated all years from 1996
onwards as exposed to t he -inplenentatihtner ed c
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period from 1999 to @16, a clear change in trend is visible in all countries from 2008
onwards Figure5-1 andFigure5-2). Thelater trendn England has previously been
attributed tamid-termimprovements in Strategy implementatigfadley, 2014; Hadley,
Ingham and Chandilslouli, 2016; Wellings, Palmer, Geamst al, 2016) However, as it
appeared in all three countriasdprodiwced very similar changes at the same time point

considered it a common shock to be adjusted for in sensitivity analyses.

Across the posimplementation period from 1999 to 2016, all three countries saw similarly
decreasing pregnancy rates. In England, pregnancies among women aged under 18 fell by
60% between 1998 and 2016, from 46.6 to 18.8 pregnancies per 1,000 women. Across the
same period, Scotland saw a reduction in pregnancies of 58% (from 44.7 to 18.9
pregrancies per 1,000 women) and Wales of 62% (from 55.0 to 20.9 pregnancies per 1,00C
women). Similar trends can be seen among women aged under 16 and under 20 across all
countries Figure5-2). In the interrupted time seriesodels,| aimed to quantify the

differences whilst adjusting for background trends to test if any effects are observable.

522Pr epar at oriyEnngoldaenlds epnolsyt pirnet er ven

All interrupted time series models were run using a shiny app, published at
andybaxter.shinyapps.io/teen_preg_uk_itsThis was used to generate graphs and reports
of modelfit and fitted terms. Under each model graph I have included links to view these

analyses interactively using the shiny app to ensure repeatability and transparency.

In preparatory models to test fit for Englaodly data, | fitted a simple segmented
regression model to preand posiStrategy trends imnder18 pregnangrates. Model 1
wasgenerated from Englanahly underl18 pregnancy rates across the years 1992 to 2016.
I includedthree independent variables count ofyears fronthe start of observatn to
estimate a prntervention trend (beginning at 1998me = 1), exposure t&trategyto
estimate a level change @irategylaunch (coded as piiatervention years = 0 and pest
implementation years = 1and years fronstrategystartto estimate arénd change at

Strategylaunch (beginning at 1999rend =1).

Model 1 generated a relatively good fit, able to explain 93% of the observed varidace (R
0.93) and relatively low average prediction error of 3.3 pregnancies per 1,000 women per
year (Mean §uared Prediction Error, MSPE = 10.6). The-jotervention period had a

lower R of 0.56, suggesting a relatively poor finéervention fit (MSPE 6.06 for the pre


https://andybaxter.shinyapps.io/teen_preg_uk_its/
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intervention period). The best fit regression model is represent@dure5-3, with points
marking the yearly pregnancy rates, solid lines showing the fitted linear model to-the pre
intervention and posmplementation phases, and a dashed line representing the

continuation of the prentervention regression line under the assuamptif noStrategy

. 1999 Strategy launch

(=2}

iy

\
\

=
o
1

Rate of pregnancies to Under 18s, per 1,000
S

1990 1995 2000 2005 2010 2015
Year

=== England = = No Strategy

Figure 5-37 England under-18 pregnancies, 1992016 with Strategy launch in 1999.The dashed line

shows the continuation of the pirgervention trend, representing the hypothesisedtca nuat i on of
pregnancy rate trends in the absencénef3trategyThe time series model incorporates autocorrelation
correction: AR1, MAO. MSPE = 10.6;°R 0.93; Loglikelihood =-43.5. Analysis of this model can be

viewed using the shiny agithis link (with all parameterset to repeat model 1).

Across tests for autocorrelation, there was a consistent indicator of an association between
yearly rates and the previous yeards rat
needed to be adjusted for in these mo¢®lsck and Watson, 2020)applied firstorder
autoregression correction (AR1) to this and subsequent models. Applied tests for
autocorrelation to tisicorrected model, there did not appear any clear indicators of further

moving average (MA) or autoregression autocorrelation.

When | visually examined the yearly data points and regression lines, there were two clear
periods (preand postStrategy, someevidence of linear trends and no suspicious outliers.
There did however appear two elements of systematic differentiation from the regression


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22none%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=false&q=0&p=1
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line: a step up between 1995 and 1996 observations, and trend change at 2008 suggesting
that the posStrategyperiod experienced different linear trends across two distinct periods
(Figure5-3).

The four coefficients for model 1 are showriliable5-1. The first two fitted terms suggest

a preintervention period with an increasing trend (0.70 more pregnancies per 1,000
women per year; 95%Ci10.34 to 1.74) from an estimated baseline ra#3of

pregnancies per 1,000 women per year (95%CI: 36.2 to 49.8). This trend is interrupted at
the launch oflie Strategyn 1999, with a clear change in slope-®f22 pregnancies per

1,000 women per year (95%C8.49 t0-0.95). The level change assocdhteith Strategy
exposure appeared to be very small, with a wide 95% confidence interval incorporating
zero €0.03 pregnancies per 1,000 women; 95%8.08 to 3.01). The outputs of this

simple model are consistent with previous observations of decreasmgpcy rates from

a high preStrategybaselingWellings, Palmer, Geargt al, 2016)

Standard Lower Upper

Coefficient Estimate Error 95% CI  95% ClI
England(est.)rate at 1991 43.06 3.46 36.27 49.85
Englandpreintervention trend 0.70 0.53 -0.34 1.74
England change in level at 1999 -0.03 1.55 -3.08 3.01
England change in trend 5999 -2.22 0.65 -3.49 -0.95

Table 5-17 Fitted terms and confidence intervals of model 1 fitted to Englanenly under-18

pregnancy rates with no additional correction coefficientsThese were generated from Englaordy data

with three independent variableyears from observation start,osure tcStrategyand years fronstrategy
starti and the dependent variable: und@& pregnancies per 1,000 women.

To i mprove the fit of the model, in model
corrector to the years 1996 onwards (of valueirdll exposed years) to simulate the
effects of medical advice concerning health risks of contraceptive pills on teenage
pregnancy riskFuredi 1999) This additional component significantly increased the
likelihood of the model (likelihood ratio between models = 10.7; p = 0.001) and improved
the fit of the preintervention period (with the MSPE reduced from 6.06 to 3.56 &nd R
increased fron®.56 to 0.92). The fitted pr8trategyline in Figure5-4 more closely fits the
observed data points compared to the uncorrected molgjure5-3, suggesting that a
linear trend with a level increase at 1996 is a better predictor cfmppEmentation

trends.
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Figure 5471 England under-18 pregnancies, 1992016 with Strategy launch in 1999 and 'pill scare’
corrector allowing a jump in rates from 1996 onwards.This corrector represents a jump of 4.5
pregnancies per 1,000 women. | applied this to all subsequent years as theoecieas return to a low rate
before 1999. Autocorrelation correction: AR1, MAO; MSPE = 1038+ R.94; Loglikelihood =-38.1.

Model 2 can be viewed #tis link .

The fitted terms for model 2 show a clear increase of 4.5 more pregnancies per 1,000
women at 1996, consistent with thgpothesised effects of the pill scalable5-2;

95%CI: 1.84 to 7.17). The fitted trend to the-preervention period was estimated to be
marginally lower than in #gauncorrected model (from a 0.70-@11 change in pregnancy
rate per year), but with both estimates
implementation trend is not itself affected by this added corrector, but the magnitude of the
trend chage is smaller as its difference from the-prervention trend is decreased. This
model also showed a significant change in trend from 1999 and the statSifategyof

1.41 fewer pregnancies per year across each yeaiStategyimplementation (9%CI:

-2.58 t0-0.24).


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22none%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1
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Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
England(est.)rate at 1991 4411 3.34 37.57 50.65
Englandpreintervention trend -0.11 0.51 -1.10 0.88
England change in level at 1999 -0.14 1.26 -2.62 2.34
England change in trend at 1999 -1.41 0.60 -2.58 -0.24
oOPill Scared corr 451 1.36 1.84 7.17

Table 5-27 Fitted terms and confidence intervals of model 2 fitted to Englananly under-18

pregnancy rates 1992 0 1 6, wi t h a 6 PThis inodsl uasadrthe 6oefficentsroenodeblrand
added a fourth variablea dummy corrector for exposure to thk gcare coded as 0 in years before 1996 1

in all other years.

In inspectingrigure5-4, | could not confidently identify a discrete end to the pill scare
corrected priod, which might appear as a similarly sized immediate fall in rates. If the
effects were indeed produced by the hypothesised impact of publicised concerns over the
health impact of the oral contraceptive pill, these alternatively could be expected to
decrease steadily over time rather than end at a distinct point. However, incorporating a
trend change as well as a level change to account for pill scare effects from 1996 would
then require calculation ofStrategyeffect on trends from only three pirgervention
observations, which would likely be insufficient to detect any effects. If a decrease in rates
was produced by decreasing concerns with oral contraceptive pills or gradual replacement
of methods, this model would be unable to disentangle thisgssfrom the impact ohe
Strategy As the pill scare was also observable in both Scotland and Wales, | therefore
assumed that controlled models would be able to account for this. Controlled models
would provide adjustment for such background trendsaflod identification of the

effects of he Strategy

523Compari soni $oatellsnd and Wal es as

In the first comparative model 3, | plotted Scotland observations alongside England, fitting
a regression line to Scotland using the samedictors as England in the preparatory

model. To test the effects on England, | assigned additional variables to England data to
represent the difference in baseline rate and the difference in level and trend change from
control. | fitted regression lirseto visualise these differences from Scotland gnel post
Strategy(Figure5-5). As discussed in the Methods chapter, | assumedhf@e/ention

parallel trends acss UK countries as this produced a relatively stable and parsimonious

model.
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Figure 5-57 England under-18 pregnancies compared with Scotland, 1992016 with Strategy launch

in 1999 and 'pill scare' corredor allowing a jump in rates from 1996 onwards.Scotland observations

and trends are shown in grey. England observed trends are represented by solid lines. The dashed line show
the hypothesised trend in the absencénef3trategyThis isconstructed by applying Scotland level and
trend changes -1998 pr&E mg learnwcking i 092 rends t o project
implementation trends from 1999 to 2016. Autocorrelation correction: AR1, MAO; MSPE = $2:4).B2;
Log-likelihood =-85.0. Model 3 can be viewed tafs link.

I n this model, I used Scotlandbds esti mat
intervention trend to estimate the trend change that would have occurred in England in the
absence ofite StrategyThis adjusted trend shown inFigure5-5 as a dashed line and can

be seen to closely follow the observed trend in the-ipgstementation period. The

coefficients for a difference in levehange (0.06 more pregnancies per 1,000 women per
year; 95%CI-4.03 to 4.16) and a difference in trend char@e8 decrease in pregnancy

rate per year; 95%Ci10.74 to 0.59) seen in England in 1999 when compared to Scotland
are both estimated as smalbnsignificant values, consistent with a null effect loé t

Strategy(Table5-3).


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22Scotland%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true
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Standard Lower Upper

Coefficient Estimate Error 95% CI  95% CI
Scotland(est.)rate at 1991 43.65 3.29 37.21 50.09
Scotlandpre-intervention trend -0.24 0.41 -1.05 0.57
England difference in rate at 1991 1.02 4.12 -7.06 9.09
Scotland change in level at 1999 -0.14 1.48 -3.04 2.76
Scotland change in trend at 1999 -1.19 0.52 -2.19 -0.18
aEtn%%r;)d difference in level from contr 0.06 209 -4.03 4.16
Egr?t'gl‘if"lf;%rge”ce in trend from -0.08 034  -0.74 0.59
OPill Scared corr 451 1.13 2.30 6.72

Table 5-37 Fitted terms and confidence intervals of model 3 fitted to England and Scotland under8

pregnancy rates 1992016.Three more independent variables were used to estimate the difference in
pregnancy rates across the-prervention period between Scotland and England, the difference in level
change at 1999 and the difference in trend change from 1999 onwards. The two fitted terms representing
Englandés difference in | evel and tfthedffettsafhange at
exposure.

A visual inspection of the fitted lines for both Scotland and England suggests that the pill
scare corrector appears to remain a valid parameter to include as similar jumps were seen
in both countries. The coefficient for thestgp in rates at 1996 remained constant

between preparatory (England only; model 2) and comparative (England vs Scotland;
model 3) models (at 4.51 more pregnancies per 1,000 women per year), supporting the
conclusion that a similar effect was seenacrossth countri es. Scotl a
absence ofite Strategwaw a significant change in trend from 1999 of an accumulating

1.19 fewer pregnancies per 1,000 women per year (95%@8 to-0.18).

In my second comparative model, model 4, | used Walascastrol and performed the

same analyses on rate and trend changes seen across England anHij\iaédsq).
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Figure 5-6 7 England under-18 pregnancies compared with Wales, 1992016 with Strategy launch in

1999 and 'pill scare' corrector allowing a jump in rates from 1996 onwardsWales observations and

trends are shown in grey. England obserirends are represented by solid lines and the dashed line shows
the hypothesised trend in the absencénef3trategyAutocorrelation correction: AR1, MAO; MSPE = 9.42;

R? = 0.95; Loglikelihood =-84.7.Model 4 can be viewed #tis link.

England saw lower rates acrdks preintervention period than Wales (averagHéglL6
fewer pregnancies per 1,000 women across -11988; 95%CI-13.21 to 0.89) and the
common prantervention trend estimated a small yearly increase of 0.17 more pregnancies

per 1,000 women per yearijtiva confidence interval spanning zero and consistent with
previous estimates (95%C0D.63 to 0.97Table5-4).


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22Wales%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true
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Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
Wales(est.)rate at 1991 48.99 2.95 43.21 54.77
Walespre-intervention trend 0.17 0.41 -0.63 0.97
England difference in rate at 1991 -6.16 3.60 -13.21 0.89
Wales change in level at 1999 -1.90 1.48 -4.81 1.00
Wales change in trend 24999 -1.87 0.50 -2.86 -0.89
aEtn%%r;)d difference in level from contr 181 209 230 591
Egr?t'gl‘if"lﬁg‘gge”ce in trend from 0.14 032  -048 0.76
OPill Scared corr 486 1.14 2.63 7.10

Table 5-47 Fitted terms and confidence intervals of model 4 fitted to England and Wales undeir8
pregnancy rates 1992016 Thi s uses the same coefficients as mc
trend at 1999 representing estimateshef$trategy s ef f ect s.

The pill scare corrector in the England and Wales model was again similar to previous
estimates, suggesting ansmon effect of a similar magnitude affecting Wales also. Wales,
similar to Scotland, saw a decreasing trend in the absenige Striategywith a trend

change of 1.87 fewer pregnancies per 1,000 women per year accumulatiftgeover t
Strategyperiod (95%ClI-2.86t0-0 . 8 9) . Engl andds change in
than Wales6é, with a difference of 1.81 mq
(95%Cl:-2.30 to 5.91). The trend change showed a very small difference of 0.14
pregnancies per 1,000 wem per year (95%C140.48 to 0.76). Wales may have

experienced greater reductions in pregnancy rate from 199%traegyexposed

England but observations are consistent with no difference from 1999 between countries
and a null effect ofite Strategy

524Sesi ti viotbyu satn@ensad yses

5.2.4.1 2008 Common shock corrector

In my sensitivity analyses, to examine the common shock to the trends in each of the three
countries shown in the figures above, | added a variable to allow for a common trend
change from 200&imulating an unknown event which appears to affect all UK rates. This
was coded as 1 in 2008 and incrementing in following years to estimate a change in linear
trend across this perioBligure5-7 shows an initial model, model 5, fitted using only

England data to test the strength of this predictor.
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Figure 5-77 England under-18 pregnancies, 1992016 with Strategy launch in 1999, pill scare

corrector at 1996 and additional ‘common shock' corrector from 2008016.The common shock

variable was coded as 1 in 2008 and incremented by year across the remaining period. Autocorrelation
correction: AR1, MAO; MSPE = 0.453;?R 0.997; Loglikelihood =-21.9.Model 5 can be viewed &tis

link.

In comparison with preparatory model 2 fitteceoglandonly data, the combination of
correctors for preéntervention and postmplementation trends in model 5 produced a
betterfit. Fitting linear trends to grouped years 198295, 19961998, 19992007 and
20082013 accounted for over 99% of the variance from the mean across all time periods
(R?=0.997, increased from?R 0.935 in model 2), and a lower MSPE of 0.453
(decreaseftom 10.8 in model 2). The common shock coefficient estimated a large change
in trend of-2.17 pregnancies per 1,000 women per year from 2008 onwards (92266I:
to-1. 79) . Engl anddbs observed rat-28feverom 19
pregrancies per 1,000 women (95%¢€4:94 to 0.06), but a minimal trend change with a
narrow confidence interval spanning zet®.Q8 fewer pregnancies per year than predicted
trends; 95%CI:0.64 to 0.48). When using these predictors on Engbentyl data, thee

was no clear indicator of @trategyeffect at the 1999 launch date, with a seemingly
consistent reducing trend across the period 1996 to 2007 and a small but uncertain level
change at 1999.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22none%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true&int2yr=2008&int2=true
https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22none%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true&int2yr=2008&int2=true
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Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
England(est.)rate at 1991 43.01 0.88 41.30 44.73
Englandpreintervention trend -0.28 0.24 -0.75 0.20
England change in level at 1999 -1.44 0.76 -2.94 0.06
England change in trend at 1999 -0.08 0.29 -0.64 0.48
Common change in trend at 20§l8ock -2.17 0.20 -2.56 -1.79
OPill Scared corr 462 0.90 2.85 6.39

Table 5-57 Fitted terms and confidence intervals of model 5 fitted to England undef.8 pregnancy

rates 19922016, with a further corrector for a trend change at 2008This model used the same variables
as model 2 with an added trend variable, counting from 20@&us, to estimate a change in trend
occurring in 2008.

This slow change over the initial period®irategyimplementation is consistent with
earlier evaluations, attributing this to a smaller than anticigatiedegyeffect (Wilkinson

et al, 2006) Model 5 suggests thttis downward trend is a continuation of the trend from

19921998 (with pilkscare corrector to account for a jump in rates).

Re-introduction of Scotland and Wales as controlBigure5-8 andFigure5-9 produced
similarly well-fitted models and measures of trend changes associated with a common
shock at 2008 which were consisterithathe Englanebnly model ¢2.17 change in trend

in England model, compared with.40 and-2.11 in Scotland and Wales models
respectively). This closeness of fit across all three models suggests that a similarly sized
effect was seen in all three contexand that the fitting of a single predictor to both

England and controls in each case was able to fully account for this in the models.
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Figure 5-87 England under-18 pregnancies compared with Scotland,9922016 with Strategy launch
in 1999, pill scare corrector at 1996 an@008 common shock correctorAutocorrelation correction: AR1,
MAO; MSPE = 0.793; R= 0.99; Loglikelihood =-59.3.Model 6 can be viewed #itis link.

Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
Scotland(est.)rate at 1991 42.65 0.87 40.94 44.36
Scotlandore-intervention trend -0.46 0.22 -0.90 -0.02
England difference in rate at 1991 1.04 0.76 -0.44 2.52
Scotland change in level at 1999 -2.38 0.90 -4.13 -0.62
Scotland change in trend at 1999 0.36 0.26 -0.16 0.88
Etnggiggd difference in level from contre 0.90 110 1,97 3.06
Eé‘r?t'f(‘)?it‘jf;%rgence in trend from -0.13 009  -0.30 0.04
Common change in trend at 2008 sho -2.40 0.17 -2.74 -2.06
OPill Scared corr 461 0.86 2.93 6.29

Table 5-61 Fitted terms and confidence intervals of model 6 fitted to England and Scotland undeir8
pregnancy rates 1992016, with a further corrector for a trend change at 2008.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22Scotland%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true&int2yr=2008&int2=true
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Figure 5-97 England under-18 pregnancies compared with Wales, 1992016 with Strategy launch in
1999, pill scare corrector at 1996 an@008 common shock correctar Autocorrelation correction: AR1,
MAO; MSPE = 0.863; R= 0.995; Loglikelihood =-63.5.Model 7 can be viewed #tis link .

Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
Wales(est.)rate at 1991 48.24 0.89 46.49 49.99
Walespre-intervention trend -0.09 0.25 -0.57 0.39
England difference in rate at 1991 -6.20 0.74 -7.65 -4.75
Wales change in level at 1999 -3.58 0.94 -5.42 -1.73
Wales change in trend at 1999 -0.43 0.28 -0.98 0.12
Etnggigrgd difference in level from contre 167 113 .0.54 3.87
Eé‘r?t'f(‘)?it‘jf;%rgence in trend from 0.12 009  -0.05 0.29
Common change in trend at 2008 sho -2.11 0.17 -2.45 -1.78
OPill Scared corr 505 0.96 3.17 6.92

Table 5-771 Fitted terms and confidence intervals of model 7 fitted to England and Wales undeir8
pregnancy rates 1992016, with a further corrector for a trend change at 2008.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%22&control=%22Wales%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true&int2yr=2008&int2=true
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Across these models, differences in level and trend changes at @& agylaunchin
England are small, consistent with previous models without a 2008 common shock, and all
with confidence intervals crossing zefiable5-6 andTable5-7). These observations are

similarly consistent with a null effect die¢ Strategy

5.2.4.2 Comparisons across all age groups using England and Wales
combined data

In further analyses, laanpared Scotland with combined England and Wales data. This
allowed me to repeat comparisons of uAtieipregnancy rates with Scotland as control
over a longer time period, and to conduct similar comparisons on-liiderd undel0

age groups. | based gemodels on my primary comparison model (models 3 and 4), with

pill scare corrector included but no common shock at 2008.

In model 8 | used the undé&B age group and compared Scotland with combined England
and Wales data over a longer period to compdite model 3 using Scotland and England
only. England and Wales combined und@&rrates were available from 1987 to 2016, but |
restricted my analysis period to 1991 onwards as the earlier years appeared to show
different trends for Scotlandrigure5-2). This allowed inclusion of one more year to
calculate prentervention trends for each unit. This change resulted in little difference
from previous models, with a slitih steeper decreasing trend and a small reduction in the
standard error of the piiatervention trend (from 0.41 to 0.36able5-8; Figure5-10).
Changes attributable thé Strategyemained close to zero with confidence intervals
spanning the null effect point for both level and trend changes at T2@8e5-8). This

was consistent with results for model 3 presentélchinie5-3 above.
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Figure 5-1071 England and Wales combined undetl8 rates compared with Scotland for the period
19912016.Autocorrelation comction: AR1, MAO; MSPE = 12.4; R 0.92; Loglikelihood =-87.6.Model
8 can be viewed dhis link .

Standard Lower Upper

Coefficient Estimate Error 95% CI  95% CI
Scotland(est.)rate at 1990 44.76 3.24 38.40 51.10
Scotland prentervention trend -0.37 0.36 -1.08 0.35
England and Wales difference in rate 1.8 4.05 6.65 921
1990

Scotland change in level at 1999 -0.15 1.45 -3.00 2.70
Scotland change in trend at 1999 -1.06 0.47 -1.98 -0.14
England and Wales difference in level 012 205 414 391
from control at 1999

England and Wales difference in trenc -0.08 0.34 0.74 058
from control at1999

6Pi Il Scared corr 469 1.09 2.54 6.83

Table 5-81 Fitted terms and confidence intervals of model 8 fitted to Scotland and combined England
and Wales under18 pregnancy rates 1992016.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2018%22&main=%22England%20and%20Wales%22&control=%22Scotland%22&obRange=%5B1992%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true
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| used data recording und&6 and undeR0 pregnancy rates for Scotland and combined
England and Wales in robustne$gecks of different populations. | compared these with
model 3 as the primary comparison between England only and Scotland data. THESunder
and undei20 age categories were not notedsastegytargets(Social Exclusion Unit,

1999) Both, however, could be expected to be affected by interventions to lower teenage

pregnancy, and changes seen in these groups may be indic&ivatefyeffects.

Across both models exaning other age groups, | saw similar results, all consistent with a
null effect of he StrategyIn the underl6 model 9, model fit was poorer than model 3 (R

= 0.88, lower than R= 0.92 above) and the coefficient of the pill scare corrector was
smallerthan estimated in the initial model, and not significant (0.79 more pregnancies per
1,000 women per year; 95%C0.06 to 1.65Table5-9; cf. 4.51 more pregnancies the
under18 model;Table5-3). The observed rates across the period were approximately 20%
of the underl8 rates figure5-2), but as the standard error was comparatively large, this
reduced the sensitivity of this comparison to detect a change indudeel StrategyThe
estimated changes around 1999 appear smalt@mlistent with a null effect olfi¢
Strategy(Figure5-11 andTable5-9).
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Figure 5-1171 England and Wales combined undetl6 pregnancies compared with Scotland, 1994 to
2016.Autocorrelation correction: AR1, MAO; MSPE = 0.72%,-R0.88; Loglikelihood =-29.5.Model 9
can be viewd atthis link.

Standard Lower Upper

Coefficient Estimate Error 95% CI  95% CI
Scotland(est.)rate at 1993 8.31 0.90 6.55 10.06
Scotland prentervention trend -0.03 0.19 -0.41 0.35
England and Wales difference in rate 0.45 104 159 250
1993

Scotland change in level at 1999 -0.83 0.53 -1.87 0.20
Scotland change in trend at 1999 -0.21 0.22 -0.63 0.22
England and Wales difference in level 0.55 0.74 091 201
from control at 1999

England and Wales difference in trenc -0.06 0.10 .0.25 013
from control at 1999

oPi I I Scared6 corr 0.79 0.44 -0.06 1.65

Table 5-971 Fitted terms and confidence intervals of model 9 fitted to Scotland and combined England
and Wales under16 pregnancy rates 19942016.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2016%22&main=%22England%20and%20Wales%22&control=%22Scotland%22&obRange=%5B1994%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true
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In comparisons of und&t0 pregnancy rates, model 10 fit was also poorer than primary
models (R = 0.88;Figure5-12). England and Wales saw a decreasing trend in pregnancy
rates slightly greater than predicted from control, but still consistent with a null effect
(-0.23further reductions in unde&t0 pregnancy rates per year; 95%Ql109 to 0.62Table
5-10).
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Figure 5-1271 England and Wales combined undef20 pregnancies compared with Scotland, 1994 to
2016.Autocorrelation correction: AR1, MAO; MSPE = 22.2 R0.88; Loglikelihood =-101.0.Model 10
can be viewed ahis link.


https://andybaxter.shinyapps.io/teen_preg_uk_its/?_inputs_&session=%22Full%20Plot%22&ages=%22Under%2020%22&main=%22England%20and%20Wales%22&control=%22Scotland%22&obRange=%5B1991%2C2016%5D&int1yr=1999&pillscare=true&q=0&p=1&parallel=true
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Standard Lower Upper

Coefficient Estimate Error 95% ClI  95% CI
Scotland(est.)rate at 1990 58.40 4.28 50.02 66.79
Scotland prantervention trend -0.41 0.47 -1.33 0.51
England and Wales difference in rate 6.91 538 363 17.46
1990

Scotland change in level at 1999 0.00 1.86 -3.64 3.64
Scotland change in trend at 1999 -1.01 0.61 -2.20 0.18
England and Wales difference in level .0.08 263 503 507
from control at 1999

England and Wales difference in trenc -0.23 0.44 -1.09 0.62
from control at 1999

oPi I | Scareb6 corr 413 1.40 1.40 6.87

Table 5-1071 Fitted terms and confidence intervals of model 10 fitted to Scotland and combined
England and Wales under20 pregnancy rates 199-2016.

53Di scussi on

533.1Summary of results

Across all comparative models, my results were consistent with a null efféet of t

Strategy In preparatory models using only England data, | found evidence of significant
changes of trends acro$®tStrategyeriod, with a steeper downward trend from 2008
onwards. There were no clear indications of a level change in 18éatgylaurch.

These observations were consistent with previous hypotheses attributing these results to
the effects of launching, incrementally implementing, and later revissgtrategy

(Wellings, Palmer, Geargt al, 2016) In comparisons with Scotland and Wales however,

| found that all changes appeared to occur across all three countries, suggasting th
England may have seen these decreasing rates in the absdrec8tategyThese results

were consistent across all sensitivity and robustness checking using both comparators, all

three age groups and all models with additional predickpgsi{e5-13 andFigure5-14).
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Pill 2008 Trend change

Comparators Age group scare shock (95%Cl)
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Figure 5-1371 Forest plot of trend change coefficients estimatingtrategy effect size at 1999, arranged

by model and model typeFigures and graphs in thight-handcolumns represent the fitted terms for a
change in trend at 1999 in Englaadly models. In comp#&son models, figures represent differences in trend
change at 1999. England only models converge on zero as further correctors are added. All comparison
models, including robustness and sensitivity analyses are close to zero and consistently estiallate a sm
effect size, consistent with a hypothesised null effedh@Strategy
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Pill 2008 Level change

Comparators Age group scare shock (95%ClI)
)
7]
'8 England only Under 18 -0.03 (-3.08 to 3.01) —
£
=
g England only Under 18 v -0.14 (-2.62 to 2.34) ——
o
g
Tg; England only Under 18 v v -1.44 (-2.94 to 0.06) ——
LU
0
[7]
3
€ England and Scotland  Under 18 v 0.06 (-4.03 to 4.16) . 4
5
2
‘E’_ England and Wales Under 18 v 1.81 (-2.31t05.91) L 4
£
o
O
> England and Scotland Under 18 v v 0.9 (-1.27 to 3.06) —T
=
§ England and Wales Under 18 v v 1.67 (-0.54 to 3.87) —
7]
=
@ Eng/Wal and Scotland Under 18 v -0.12 (-4.14 to 3.91) —_—
7
g
t» Eng/Wal and Scotland Under 16 v 0.55 (-0.91 to 2.01) ——
2
o
e Eng/Wal and Scotland Under 20 v -0.08 (-5.23 to 5.07) 4

-3 0 3 6
Estimate

Figure 5-1471 Forest plot of level change coefficients estimatingtrategy effect size at 1999, arranged

by model and model typerigures and graphs in thight-handcolumns represent the fitted terms for level
change or difference in level change from control at 1999. No clear indications of a level change or
difference in level change at 1999 duehte Strategyre evident acss all models.

The similarity of change at 1999 experienced by all three countries suggests that these
changes were the result of a common cause, independerbfrategyexposure.

Likewise, the common shock predictor appears to represent a changerssesratthree

UK countries producing a similar effect on pregnancy rate trends, independ&tratetyy

exposure.

532Strengths and | imitations

| used publicly available, reliable data from several sources to produce comparable
measures of effect across Saatl, England and Wales. | outlined my methods in an

openly accessible protocol to ensure that my analyses followeespgrdied and
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transparent framework for testing my hypothesas$.ip/tdbr8). | used two online
repositories for all data and code useditHub and OSF to ensure my analyses were
clearly presented, publicly accessible and repeatable, following the principles of open
researci{UKRI, 2020) | created and published an interactive web applfaspects of
running models and creating outputs to ensure each finding could be replicated and

verified without prior knowledge of R (ség@pendix Afor all linksto online material).

My models produced well fitting predictions of greervention pregnancy rates across
England, Wales and Scotland using interrupted time series methods. These analyses
suggest that the segmented linear regression model approaciois @egresentation of
existing trends in observed data in the lead upeédtrategynd is sufficiently sensitive to

detect exposuraduced level and trend changes in teenage pregnancy rates.

Data were limited in terms of periods of observation for egghgroup. Undet8

pregnancy rates for England alone represented my primary outelanvever, in

published data, theskatawere only available for seven pi@ervention time points

(Office for National Statistics, 201.9% minimum of eight time points for interrupted time
series analyses are usually recommended; my primary models may have lacked power to
detect small chang€ghang, Wagner and Reg¥xgnan, 2011; Penfold and Zhang, 2013;
Lopez Bernal, Cummins and Gasparrini, 2058nsitivity analyses using England and
Wales data with more piiaterventbn time points were used to account for timstation

and results were consistent with primary models.

The outcome measures for each analysis had several limitations. Rates calculated for the
UK using the ONS methods of adding births, still births aednaed abortions are not

able to account for miscarriages and illegal abort{@ffice for National Statistics, 2017)

As all three countries had similar laws, healthcare and access to abortion clinics, the
assumption that the vast majority of abortions were recorded and legal is likely equally
valid in each cas@s applied to England and Wales in recording rates; Office for National
Statistics, 2017)Previous estimates of miscarriagesrirbirth and abortion data suggest
they equal approximately one in eight confirmed pregnar€Cifie for National

Statistics, 2017; NHS,d38). In accounting for miscarriages from U.S.A. data, Sedgh et al.
estimate these as 20% of births plus 10% of abor{@05) Whilst likely not

generalisable to the U.K., this calculation sugg#sislarge changes in proportions of
pregnancies ending in abortion may affect the proportion of pregnancies resulting in

miscarriage. Proportions of pregnancies ending in abortion for d8$eremained


https://osf.io/tdbr8/
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relatively stable across the peri(with a slight increase in Englamehd Wales, not seen in
Scotland; Wellings, Palmer, Geast,al, 2016; Information Services Division Scotland,
2019) This suggests that all three countries have seen a relatively consistent and similar
rate of pregnancies ending in miscarriage if ¢h@ssumptions were valid. As illegal
abortions were likely to be rare events, and rates of miscarriage were likely to be stable, |
judged that rates of pregnancies not ending in recorded abortion or live birth would
therefore be unlikely to have been diffatially distributed across countries and years.

Such missing data therefore would produce negligible bias.

Comparative analysis can allow us to pick out the effects of exposume &rategyrom

other changes occurring over a wider range of popukatibime use of Scotland and Wales

as comparators can account for potential unmeasured confounders that affect all three
countries. These comparisons allow us to suggest that remaining differences between
exposed England and unexposed control are a medgsheeadditional effects ohe

Strategy The lack of remaining differences suggests that the targeted expoduge of t
Strategyon England produced little or no detectable difference than would have happened
otherwise. The observed changes were likelysalt®f other wideiscoping interventions

or changes in social determinants.

Previous estimates using Englamaly data could potentially have missed other underlying
causes. Interventions outside bétStrategyvhich were applied to the whole of the Ui,

ot her cultural and economic c¢hanggeSategya y |
period. These may have produced changes which could be mistal&trategyeffects.

In previous evaluations olfi¢ Strategyresearchers posited ti&totland and Wales may
show changes in pregnancy rates similar to those observed in Englaadimategy

period due to simultaneous interventions or spill over effec&rategyrelated activity
across the whole of the URVilkinsonet al, 2006; Wellings, Palmer, Geamt, al, 2016;
Wellings, Palmer, Wilkinsorgt al, 2016) This could be the case, for examplehd
Strategp s medi a campai gn was p refedtoimiEnglamdy withy r
Wales and Scottal being exposed to these messagdslist other elements of the Strategy
had little or no effect. Contamination is a possibility, but any spill over effects should be
weaker than the effect of direct exposuren® $trategyconsistent with an expected dese
response effect of more intense actmal focus on Englandily analysesnay not have
been sensitiveo detect amalladditional effect in England associated with full exposure

to the StrategyHowever, Wellings et al. (2016) repan thedifferential effects associated
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with Strategyspendirg between local authorities in Englaioery additional £100 of

local implementation funding spent per girl 8trategyactivity was associated with a

6.2% reduction in pregnancy rates acrbesS3trategyeriod(Wellings, Palmer, Geargt

al., 2016; adjusting for region and deprivatiolixhis association represented a causal
relationship, schdifferencesshould also be evident in crelserdercomparisons, with
higher pending in England resulting in greater decreases than in Scotland andYéales.
the trends in England, Scotland and Wales are all very siamthappear to be

independent obtrategyactivity. These observations contradict the suggestion of a strong

spill over effect.

A further suggestion that simultaneously launched interventions in Scotland and Wales
may have produced similar changes masldtrgtegyeffectiveness relies on all three
experiencing the same size of effesg#eTable3-1 for a comparison of policies across the
UK). An evaluation ofS c o t | aoctaudiregy SHARE programme to preveeénage
pregnaniesfrom 1996 to 1999 showed 26.4 more pregnancies per 1,000 women in
SHARE schools than contr@inadjusted; 95%C}33.3 to 86.2; Hendersat al, 2007)

These resultdo not suggedhat the programme could cause a large decrease in pregnancy
rates in Scotland across 192016. It is unlikely that SHARES a simultaneously

launched program, comparable be tStrategycould haveproduced a magnitude of effect

in Scotlandthat couldmaska substantial effect of the EngliSttrategyon English rates
Further interventions in Scotland durirgetStrategyeriod also saw little change

associated with exposugglliott et al, 2010) Waleslaunched a simultaneous sex

health strategy, albeit without teenage pregnancy as an exclusive focus and with no set
target for rate reductiofWilkinson et al, 2006, Webappendixf\s a number of

interventions did occugnd effect estimates were not available for all exposures, it cannot
definitively be shown that Scotland and Wales show rates reflecting-affadt England.
Other methods, comparing England with a wider pool of comparable countries, would be
able to teswhether Scotland and Wales as comparators have produced a biased result

through other unobserved changes, independehedtrategyand not applied to England.

Early evaluations ofhie Strategyeported a change in trend at 1999 which was not
sufficiert to achieve the @ear goal of reducing pregnancies by 50% and suggested this
slow start was partly due to incremental implementation across initial (Wgdkeson et

al., 2006) Later evaluations finding a delayed achievemei@taitegygoals highlight the
2008 change in trend, suggesting that this was a result of improvem8&irtategyoutput
following the earlier reviewHadley, Ingham and Chandkdouli, 2016; Wellings, Palmer,
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Geary,et al, 2016) Model 5, in the absence of controls, similarly showed small changes
in 1999 and large changes in 2008, however it was analiest whether this change is
attributable tohe Strategyln comparison models allowing a common trend change in
2008, a similarly sized change was seen in Scotland and Wales. This similarity of effect
size suggests this unexplained trend change lsasaacommon effect across all three

countries and unrelated toet Strategy

54 Concl usi on

Usingcontrolled interrupted time series methaalsletect change attributableStrategy
exposure, | was unable to detect any effects of the intervention on tggaggancy rates.
The large decline of more than 50% across the observed periodZ096pwas

experienced across Scotland, England and Wales. The decline cannot therefore be
attributed to the Teenage Pregnancy Strategy. Spill over effects would haweety be

strong to account for very similar trends in Scotland and Wales, and their hypothesised
equal effect on Scotland and Wales is inconsistent with the differences seen across local
authorities in England.
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Chapter6 Comparing EnWYalaems wintd
synthetic control

6.10verview of chapter

In this chapter, | report the results of my synthetic control analyses. | use a selection of
European and Englisépeaking highncome countries to compare with England and

Wales to determine the effectsStfategye x posur e. A wei ghted me
ratesisf i t t ed t o En g hindervehtion observionihe satne qetrok
weightsis then used to combine pestplementation observations and predict England
andWaleé r at es e of hetShrategyhdxanea the exposed and control trends
for differences attributable thé Strategyl also construct synthetic contsdbr each
unexposed countrgsplacebos. | compare the post intervention difference between
Englandandits syntheit control with the distribution of differences across gbeof

placebo comparisonsuse this comparisaio test whether exposure tuet Strategy

produced g@reater deviatiofrom controlthan that expected due to randweatiation in

rates | useseveral sensitivity analyses to test the models and examine the consistency of

the results.

6.2Resul t s

6.21Expl oratory visualisation of tee
rates ac-rassrpeati on 99a8adsadOOOs
years of dat a

| extracted data and cailated estimates of und&8 birth rates and und@0 pregnancy
rates for the 16 higincome countries listed iBox 6-1. Data was available across the

years 1990 to@13, giving multiple time points either side of the 18fategylaunch.
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Denmark Norway

Finland Portugal

France Scotland

Germany Spain

Iceland Sweden

ltaly Switzerland

Netherlands England and Wales

New Zealand The United States of America

Box 6-11 The sixteen countries with data included in synthetic control analyses recording und€:8

birth rates and under-20 pregnancy ratesl used the 6England and Wal esbd
rates in Bgland which was exposed tuet Strategy

In assessing the suitability of the data which | collected for the synthetic control analysis, |
first visualised the data for all countries across themezvention years 1990 to 1988

assess similarities e unexposed period, blind to pastervention rateg-igure6-1

shows the initial plot of undek8 birth rates for all included countries by year from 1990 to
1998.England and Wales were seen to have comparatively high birth rates across the
whole preintervention period, with only New Zealand, Scotland and the United States of
America producing higher rates. As England and Wales do not have the highest or lowest
rates in any prentervention year, these dgieovideobservations of countries with both
higher and lower rateshisformsa 6 convex hul |l 6 @Abadie,nd t he
Diamond and Hainmueller, 2010Jhese datallowed me to construct a synthetic control
from positive weights summing to The model did not need to assign any country a
negative weighthypothesising an inverse effemrt Englandf acommon event, or assign
aweight greater than, thus extrapolatinthe effects from a low raountryto estimate

t he i mpact on ETiptheaebydaboss mdrd cgnfidence im thetvalidity of

the predicted contr@Abadie, Diamond and Hainmueller, 2011, 2015)
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Figure 6-17 Under-18 birth rates across 16 highincome countries, 1990 t01998

In Figure6-2 presenting the under 20 pregnancy rates for all countries acress pre
intervention years, England and Wales similarly showed relatively high rates, with only the
United States of America shovgithigher pregnancy rates. England and Wales were still

within the convex hull of control countries across the entirargegvention period.
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Figure 6-27 Under-20 pregnancyrates across 16 highincomecountries, 1990 t01998

Havingexamined the prentervention period, | then produc&tjure6-3 andFigure6-4
graphing all outcome data for all countries used in analyseemparing undei8 birth

rates, New Zealand shows a distirise in rates from 2002 to 2008 comparing under

20 pregnancy rates, England and Wales showed higher rates than all comparators across
2007 to 2013.
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Figure 6-37 Under-18 birth rates across England and Wales and all donor countries, 19013
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Figure 6-47 Under-20 birth rates across England and Wales and all donor countries, 19D13

6.22l nteractive presentations of ana

To enable interactive repetition of my synthetic control models, | created a shiny app
published online gbhd.andybaxter.me/synthapp with all dataused in thes analyses.
All model graphs and tables were produced using R and combined into an html document

published aphd.andybaxter.me/Synthanalysis(with links to interactive graphs).

6.23Modet UdddB8i bth rates across al |l

In my primary synthetic control model, I fitted a control to theiptervention period
matching controls usingre-intervention birth rates as the only predictor. Iterating across
clusters of prentervention years, | waable to construct a godi synthetic control using
the means of four time periods as predictors (12993, 1994, 1995, 1998098)

minimising the error irprediction of yearly birth rateIhe prediction error of this model

in the preintervention pewnd was small in proportion to actual observed rates, averaging
0.30 births per 1,000 women per year around a mean of 16.2 births acroge#ng8riod
(MSPE = 0.092). The control was constructed predominantly from Scotland (weight of


https://phd.andybaxter.me/synth-app/
https://phd.andybaxter.me/Synth-analysis
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67.2%), Portugal @5%), the U.S.A. (1.6%) and New Zealand (1.29sing these
weights to costruct posimplementation trends,o0bserved thaticross this periothe

predicted control closely followed observed England and Wales Fitps€6-5).

Pre-intervention MSPE = 0.0923

-
&)

-
o

= England and Wales

=== Synthetic

Under-18 rate (per 1,000 women)

1990 1995 2000 2005 2010
Year

Figure 6-57 England and Wales under18 birth rates compared with synthetic control, 199€2013;

model 1 featuring all countries and only preintervention rates as predictors.The dotted line marks the
introduction of he Strategyn 1999.

Thesynthfunction assigne similar weights of 33.3%, 29.5% and 36.2% to each of the
latter three clusters of years respectively, assigning negligible weight to the peried 1990
1993 (Table6-1). Alongside weighted Scotland, Portugal, the U.S.A. and New Zealand, all

other countries were given zero or negligible weighting.
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Country Weight Predictor Weight
Scotland 0.672 ' Birth rates 19901993  0.01
Portugal 0.295 Birth rates 1994 0.333
United States of America 0.016 Birth rates 1995 0.295
New Zealand 0.012 Birth rates 19961998 0.362
Iceland 0.001
Sweden 0.001
Switzerland 0.000
Germany 0.000
Denmark 0.000
Spain 0.000
Finland 0.000
France 0.000
Italy 0.000
Netherlands 0.000
Norway 0.000
Table6-1iWei ghtings applied to control countriesbd

weightings of predictors used in model Tomparing under-18 birth rates across 1992013.Donor
weights were calculated to minimise the MSPE from observed Engtah@ales in the pratervention

period 199601998 then applied to pesnplementation rates 1998013 to calculate a weighted mean birth

ob:

rate as a predictor of unexposed England and Wales. Means across clusters of years were tested for their
predictive pover of the outcome and weighted to minimise MSPE across thatereention period. Each
column is independent and sums to 1.

Removing England and Wales from t@up of included countrie$ repeated synthetic

control analyses for each donor countrytisgtit as the exposed unit. | calculated gaps

between observed and predicted yearly rates to test the deviation from control expected

under placebo conditionkplotted the gaps for the set of countries vsithilarly well-fit

predictors (less than 5 times the-preervention MSPE of England and Wales) alongside

exposed England and

the postintervention period. If England and Walesw a largeffect in the Strategy period

then the trend woul

d

Wal es 6

appear

gaps to

b eWhenw

compa.l

t he

compared England and Wales pogervention gaps with placebo results from other

countries, England and Wales trends showed comparativelydifféeence from control

(Figure6-6).

s pl
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mmm  England and Wales Placebo countries

Figure 6-61 Gaps plot for model 1, comparing difference from control at eachime point acrosswell

fit donor countries. The bold coloured linplots the difference between England and Wales and its synthetic
control at each time point. The light grey lines plot the differences fgl#itebo countriesThe Strategy

launch is meked in 1999 with a dotted lin€ountries with a préntervention MSPE greater than 5 times that
of England and Wales were exclud&wvitzerland, Scotland, Iceland, United States of Amait@New

Zealand Published interactively ahart-studio.plotly.com/~andrewbaxter439/43

| calculated post/prtervention MSPE ratios for each country to compare its magnitude
of deviation from zero in posinplementation years. Using prgtervention M®E to

quantify model fit and postnplementation MSPE to quantify the deviation from
predictions produced by (placebo) exposure, this ratio produced a comparable set of effect
estimates, standardised by goodness ofregvention fit. A larger ratio wodlindicate a
relatively large effect size from a relatively wétl predictor.| used these ratios to rank
countriesby effect size to test if England and Wales with the defteategyexposure
produced a ratio larger than tfege of null effect deviations experienced in unexposed
countriesEngland and Wales saw a post/preervention MSPE ratio of 1.8@hirteenof
fifteen comparison countries (87%) showed greater posM@€E raios than England

and Wales, indicating that the probability of a country experiencing a difference from
control larger than England and Wales in the absende@trategys at least p = 0.87

(Figure6-7).


https://chart-studio.plotly.com/~andrewbaxter439/43
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Country Rank  Ratio
France 1 457.71
Spain 2 117.61
Norway 3 49.90
Portugal 4 21.48
New Zealand 5 17.73
Netherlands 6 12.74
Iceland 7 9.73
Denmark 8 9.01
Sweden 9 8.46
Finland 10 6.54
Germany 11 6.02
Italy 12 3.96
United States of America 13 2.97
England and Wales 14 186 ¢
Scotland 15 1.39
Switzerland 16 0.89

0 100 200 300 400
Post/pre-MSPE ratio

Figure6-7TEngl and and Waténesidn MBREsEtd compared with the ratios of

control countries for under-18 births; model 1.Thirteen countries whitwere not exposed tbe Strategy
during the period 1992013 showed a greater relative deviation fromiptervention fit than England and
Wales (p=0.87).

In time-based placebo tests, intervention dates set at 1995 and 1996 produced synthetic
controls bllowing much lower trends than observed England and WEigarg6-8). All

later years tested from 1997 to 2005 produced relatively stable synthetic control
predictons, in line with true date predictionskigure6-5. This suggests that, aside from

an event occurring ithe exposed unih 1996 leading to an increase in pregnancies, other
causes in changes of rates were not unique to England and Wales. This is consistent with
the pill scare hypothesis corrected for in ITS analyses in the previous offapeti,

1999) The inclusion of 1997 and 1998 % interventionyearsis able to account for the
discrepancy, potentially by assigning similarly exposed Scotland a largbt{Eable

6-1).
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England and Wales vs Synthetic Control with placebo intervention years

1995 1996

\%\\

1990 1995 2000 2005 2010 1990 1995 2000 2005 2010
Year

N
o

-
(6]

-
o

(3]

o

=== Synthetic

== Treated

- N
o o O

Under-18 birth rate (per 1,000 women)

&)

Figure 6-81 Time-based placebo graphs for placebo years set to 199998 in model 1Dotted lines
mark the simulate&trategylaunch in each tested year. Further placebo years {20005) produced stable
trends matching the trugtrategyyear (1999). All years can be viewed interactivelygtedrt-
studio.plotly.com/~andrewbaxter439/15

6.24Modelif URd€€0 pregnancy rates acros

In my second model, | used und pregnancy rates as the outcome of interest. This

metric has the advantage of including pregnaneieing in abortiond at a whi ch w
available for undef.8s. This outcome also includes pregnancies at older ages which were
not considere&trategypriorities (outside he Strategg o al of oO6hal vi ng t
conceptions among under 18s by.IRt@eindiadd; So
model fit | used only préntervention pregnancy rates as predictors and used a best fit
grouping of years into three clusters: 1990, 12995 and 1994.998. The fitted synthetic
control saw a poorer fit across gregervention years thate previous model, with an

average prediction error of 2.1 pregnancies per 1,000 women across the nine pre
intervention years (around a mean rate of 62 pregnancies per 1,000 women; MSPE = 4.27;
Figure 6-9). The control was constructed from Scotland (63.9%), the United States of
America (22.7%) and Iceland (13.4%able6-2).


https://chart-studio.plotly.com/~andrewbaxter439/15
https://chart-studio.plotly.com/~andrewbaxter439/15

157

Pre-intervention MSPE = 4.27

[e2]
o

N
o

= England and Wales
== Synthetic

Under-20 rate (per 1,000 women)
N
o
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Year

Figure 6-97 England and Wales undef20 pregnhancy rates compared with synthetic control, 1990
2013; model 2 featuring all countries and only prantervention rates as predictors.The dotted line
marks the intrduction of he Strategyn 1999.

Donor weights Predictor weights
Country Weight Predictor Weight
' Scotland 0639 | | Pregnancy rates 1990 0152
United States of America  0.227 Pregnancy rates 1991995 0.578
Iceland 0.134 Pregnancy rates9961998 0.271
Switzerland 0.000
Germany 0.000
Denmark 0.000
Spain 0.000
Finland 0.000
France 0.000
Italy 0.000
Netherlands 0.000
Norway 0.000
Portugal 0.000
New Zealand 0.000
Sweden 0.000
Table6-2i Wei ghtings applied to control countriesd o0b:

weightings of predictors used in model 2omparing under-20 pregnancy rates across 1999013.
Means across clusters of yeansretested for their predictive powef the outcome and weighted to
minimise MSPE across the pigervention periodEach column is independent and sums to 1.
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During the Strategp er i od, Engl and a nstentihighershéanrateat e s
predicted from controFigure6-10s hows Engl and and Wal esd ¢
control alongside similarly calculated gaps from plax analyses across unexposed
countries. England and Walesd6 rates were
period. Most placebo countries saw lower rates relative to control than England and Wales.
This comparatively large deviation from the rdifference was balanced by a similarly
largeprei nt er venti on MSPE, as demonstrated by
post/preMSPE ratio of 9.1Kigure6-11). Tenof the fifteen control countries saw larger

ratios, meaning the probability of achieving a ratio larger than England and Wales in the

absence offte Strategys at least p = 0.67.

Figure 6-101 Gaps plot for model 2, comparing difference from control at each time point across all

donor countries. The Strategyaunch is maked in 1999 with a dotted li@auntries with a préntervention
MSPE greater than 5 times that of England and Wales were excluditeld States of Americ&ublished

interactively athart-studio.plotly.com/~andrewbaxter439/49
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