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Abstract

Background: Natural experiments are increasingly valued as a way to assess the health impact of health and non-
health interventions when planned controlled experimental research designs may be infeasible or inappropriate to
implement. This study sought to investigate the value of natural experiments by exploring how they have been
used in practice. The study focused on obesity prevention research as one complex programme area for applying
natural experiment studies.

Methods: A literature search sought obesity prevention research from January 1997 to December 2017 and
identified 46 population health studies that self-described as a natural experiment.

Results: The majority of studies identified were published in the last 5 years, illustrating a more recent adoption of
such opportunities. The majority of studies were evaluations of the impact of policies (n =19), such as assessing
changes to food labelling, food advertising or taxation on diet and obesity outcomes, or were built environment
interventions (n=17), such as the impact of built infrastructure on physical activity or access to healthy food.
Research designs included quasi-experimental, pre-experimental and non-experimental methods. Few studies
applied rigorous research designs to establish stronger causal inference, such as multiple pre/post measures, time
series designs or comparison of change against an unexposed group. In general, researchers employed techniques
to enhance the study utility but often were limited in the use of more rigorous study designs by ethical
considerations and/or the particular context of the intervention.

Conclusion: Greater recognition of the utility and versatility of natural experiments in generating evidence for
complex health issues like obesity prevention is needed. This review suggests that natural experiments may be
underutilised as an approach for providing evidence of the effects of interventions, particularly for evaluating health
outcomes of interventions when unexpected opportunities to gather evidence arise.
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Background

Many public health issues are complex, requiring pre-
ventive health actions targeted at multiple upstream so-
cial and environmental determinates to improve
population-level outcomes [1]. Despite this, the pub-
lished literature is almost entirely focused on short-term
individual-level research outcomes and lacking complex,
multi-level, population-level intervention evidence [2]. Obes-
ity is now recognised as a complex health issue, driven by
multiple interrelated factors, including environmental, social
and cultural determinants beyond individual-level determi-
nants of behaviour [3-5]. Today, over 700 million adults
and children are obese [6]. Effective population-wide preven-
tion strategies implemented at-scale are needed to combat
obesity; individually targeted strategies, such as health educa-
tion and behavioural skills, have largely been found to be in-
effective and unsustainable [2, 7]. Recommended prevention
strategies focus on environmental interventions and policies
to promote healthy eating and physical activity, such as tax-
ation and restrictions on advertising of unhealthy food, in-
terventions to increase healthy food availability, and
environmental changes to the built environment [8]. How-
ever, the effectiveness of these interventions or policies re-
mains limited by a lack of evaluation evidence.

Public Health evidence has been somewhat restricted to
individualised prevention and treatment interventions from
randomised controlled trial (RCT) studies. The key chal-
lenges for assessing complex policy and environmental inter-
ventions is that RCT studies are rarely appropriate, or even
possible, in most situations [9]. In these complex interven-
tions, the intervention is unlikely to be investigator initiated
and the researcher is unlikely to have direct control over the
study environment or wider policy influences [10, 11]. Other
factors related to the complexity of populations and context
make it unrealistic to apply controlled study environments
such as the long time over which health behaviours change
or outcomes are established [12, 13]. These issues have led
to calls for natural experiment studies to improve the evi-
dence base for public health interventions [11, 14].

The Medical Research Council (MRC) in the United
Kingdom describes natural experiments as evaluating
health or other outcomes where “exposure to the event of
intention of interest has not been manipulated by the re-
searcher” [15]. A number of other definitions exists and
contributes to widespread confusion that a natural experi-
ment is a type of study design (synonymous with or dis-
tinct from a quasi-experiment) rather than what is usually
an unplanned ‘opportunity’ for research [15]. There is also
some debate as to whether a natural experiment should
refer only to studies which are ‘experimental’, i.e. where
variation in the outcomes are analysed using methods that
attempt to make causal inference. This position is held by
the MRC and would include quasi-experimental studies
but would exclude observational study designs as
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insufficient for determining causality [16]. Others contest
that even weak study designs may be better than no evi-
dence at all [17, 18]. Hence, in evaluating the contribution
of natural experiment studies to the evidence base, it is
important to consider both the strength of their designs
and their potential value to the existing evidence base.

The purpose of this paper is two-fold: firstly, given the
increasing advocacy for using natural experiments, we
sought to investigate how natural experiments have been
defined and used in practice. Specifically, we describe
and assess the characteristics of natural experiments
conducted in the area of obesity prevention to reveal the
strengths, gaps, and weaknesses and help inform future
research practice. Secondly, we explore the value of nat-
ural experiments in evaluating real-world interventions
by considering the extent to which a planned experiment
might be possible or whether this knowledge could only
have been generated by a natural experiment.

Methods
Literature search strategy
A literature review was conducted on published peer-
reviewed studies that self-described as natural experi-
ments and focused on obesity prevention through im-
proving nutrition or physical activity. The purpose of the
review was to explore the use and utility of natural ex-
periments [19], not to determine the outcome effects of
interventions, which has been reported elsewhere [20,
21]. A systematic search in Scopus, Web of Science and
CINAHL databases identified potential studies by combin-
ing two main topics (natural experiment AND population
health) with the areas of interest: physical activity, nutri-
tion or obesity (for full search criteria details, see Add-
itional file S1). The search results were then limited by
language (English only), article type (original research
published/in-press and full-articles only), and dated from
1 January 1997 to 22 December 2017. Articles involving
non-human research or not related to obesity prevention
or improving nutrition or physical activity were excluded.
Figure 1 depicts the study selection stages. The initial
search results were combined (n =117 articles) and du-
plicate studies (n=21 articles) were removed. Titles
were scanned and 14 additional articles were removed as
non-human studies, resulting in 82 articles. Two authors
(MC and EG) read the abstracts to confirm that the arti-
cles met the eligibility criteria. A further 37 studies were
removed as a commentary or opinion piece (n=6), a
protocol or methods article (7 =7), a review or meta-
analysis (n = 8), or unrelated to obesity prevention (n =
12); an additional 4 four studies were removed as they
did not self-identify as natural experiments (Additional
file S2). The reference lists of the review articles were
also searched for natural experiment studies contained
within and 1 additional study was identified. The full
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text of all 46 articles was evaluated to confirm all inclu-
sion criteria were met.

Critical review of studies

To investigate use, identified studies were described accord-
ing to the nature of the intervention (type/setting, theme
and scale) and of the evaluation methodology (study design,
the exposure, characteristics of the exposed group and in-
clusion of a control group, and data collection measures
and period). We then conducted a qualitative synthesis on
the value of the studies to the field (Box 1). This includes
consideration of the purpose of the study, and whether it
could be answered from a planned, researcher-driven study,
following the typologies developed by Dawson and Sim
[22]. We discuss whether a planned controlled experiment
(specifically an RCT or cluster RCT) would be realistic,
considering practical issues such as time and population
constraints, the potential for ethical conflict, and other limi-
tations of RCTs [12, 13, 23].

MC and EG independently assessed each of the included
studies and met to identify and resolve any coding and data
extraction discrepancies. Where the authors disagreed, the
other authors were consulted and a consensus reached.

Results

The literature search resulted in 46 studies directly related
to the topic of diet, physical activity and obesity prevention,
and are described in Table 1. Among the natural experi-
ments conducted in this area over the last 20 years, none
were published before 2007, 7 were published prior to 2012
(when the MRC guidance was published) and 4 more were
published the same year. The largest annual publication
volume occurred in 2017 with 14 published studies, at least
double the numbers of any previous year (Additional file
S3). The studies were predominantly from North America
(22 from the United States of America and 6 from Canada).
The remaining studies were from Europe (n =7), Australia
(7 = 8) and South America (# = 3).

Intervention context

Setting and scale

The majority of the natural experiments identified were
policy interventions [27, 28, 31, 32, 37, 39, 42, 43, 48, 51,
56, 58, 59, 65, 66, 71, 72], followed by environmental in-
terventions [30, 34—36, 38, 40, 41, 47, 49, 53, 55, 60-62,
64, 68, 69] and community-based interventions [29, 44,
63, 67, 70]. Fewer studies were of economic interventions
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Box 1 Determining the utility of a natural experiment

1. Is there a need to generate population health research
evidence about this issue? [24, 25]

Does it provide evidence on the impact or effectiveness of a
policy or environmental intervention, address health inequalities
in the population or how to change behaviour?

2.1s a planned researcher-controlled study possible? [22]

a. No control — no ability to control where the intervention
occurs, whom it affects or when it starts or finishes

b. Partial control — ability to influence exposure timing or
location (i.e. able to arrange with the relevant authorities to
obtain comparative baseline data)

3. Is a planned researcher-controlled study ethical? [22, 26]

a. Creating the conditions for an experiment to determine this
issue would be unethical (e.g. where it may create more harm)
b. Random assignment to the intervention would be unethical
(e.g. withholding the only known cure for a disease)

4. 1s a planned researcher-controlled study practical? [12, 13, 25]
c. Sufficient population available for randomisation: total
number of planned exposed/unexposed clusters required would
be unrealistic to achieve

d. Time for follow-up: unlikely for a researcher-driven study
could accommodate the prolonged periods necessary for out-
comes to establish across entire populations

e. Representativeness of the population: threat to applicability of
a study if the population sample is too different from the
population it was intended to represent

f. Relative costs: sufficient sample and time lag before health
impacts evolve would be costly to implement

g. Programme complexity: the intervention is so complex that a
controlled study environment would be infeasible

h. Intervention scale-up: an intervention is known to be effica-
cious/effective but requires demonstration of its effectiveness on
a scale unlikely in a researcher-driven context

i. Real-world conditions: purpose is to document contextual fac-

tors constituting ‘real-world” implementation conditions - experi-

mental approach is antithetical to this purpose

[33, 50, 54], individual behaviour interventions [52] and
anthropological studies [45, 46] (Table 2). In terms of the
scale of implementation, the majority of interventions
were conducted at the neighbourhood scale. All but two
[31, 42] of the 19 policy interventions were implemented
at a national or state level.

Intervention theme
The natural experiments related to diet assessed expos-
ure to the introduction of, or changes to, food labelling
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[27, 42, 48, 66], or food regulation and taxation [28, 31,
37], and access to, or affordability of, healthy food op-
tions such as fruit and vegetables [39, 41, 43, 57, 58, 61].
Natural experiments related to physical activity included
exposure to workplace physical activity programmes
[49], schools [32, 65], park settings [29, 67], community-
wide programmes [30, 44, 63], and built environment in-
terventions, including infrastructure for active travel and
changes in street design [30, 40, 53, 62], residential/
school development [34, 35, 47, 55, 59, 60, 68] and green
spaces [36, 38, 69]. Other experiments were conducted
to assess physical activity outcomes associated with dis-
ruption to transport services [64], daylight saving [72]
and social habitat [70]. Obesity-related outcomes more
broadly were evaluated in relation to exposure to clinical
procedures [52, 56], migration [45, 46], education [51]
or economic events [33, 50, 54, 71].

Evaluation characteristics

Study design

A variety of study designs were used, with several quasi-
experiments, comparing longitudinal pre/post interven-
tion changes in exposure of a cohort against a control or
comparison group [28, 31, 34, 36, 40, 42, 47, 48, 52, 61,
63, 67, 69, 72]. The remaining cohort studies were obser-
vational (non-experimental), comparing pre/post exposure
without a control group [35, 44, 57, 64, 68, 71]. Four stud-
ies conducted interrupted time-series on sales data [27,
37, 43, 66], two without a control comparator (observa-
tional only) [43, 66]. Observational studies included repeat
cross-sectional surveys [30, 33, 38, 43, 49-51, 56, 62],
some of which incorporated mixed methods (qualita-
tive interviews or geospatial mapping) [38, 43, 48, 56],
or used a cross-sectional single time point only [29,
32, 39, 41, 45, 55, 58-60, 65, 70]. One study pooled
repeat cross-sectional data as a result of data avail-
ability and was therefore unable to assess time-related
effects [32]; another [46] was a feasibility study antici-
pating a larger, longitudinal investigation. Two studies
were qualitative only [53, 54].

Data source

Natural experiment studies used a variety of sources. In
total, four studies collected both primary and secondary
data [43, 48, 53, 64] and 27 studies only collected pri-
mary data. Fifteen studies used secondary routinely col-
lected surveillance data from national or state censes
and health surveys [31-33, 51, 56, 71, 72], hospital ad-
ministrative data [50, 52], pre-existing cohort studies
[39, 70] and food supply [28] or sales data [27, 37, 43,
66]. Three studies used simulated data to establish a
hypothetical unexposed group [27, 28, 44].



Page 5 of 13

(2020) 18:48

aAneN[enD

‘|leuondas
-550.2 1eadal [Sa1Ias sajes abelanaq (2unsodxa S9HUNUIWIOD [ev] /10T
PIXIN Qwill paydnuiaiu|  /pooy [eidusb ‘A4 ul uolenen) dnoib [0U0D ON [eUIbLIOQY S10WaJ Ul SIUSPISdY (Bupud) Aljigepioye poo4 d ellensny  “|e 19 uosnbia
pooj 158} Bul|jage| pooy Buljjage| pooy
|0U0d - uopdwnsuod  Ou YIm A1 Ul SI9INO POOJ-ISe) JO  Alojepuewl Yiim AD Ul SI9INO POOY-1Sey S31e1S [y
SOA  + Moyod 1s0d/a1d pPOO4  (SUS31/SPR SUIODUI-MO[) SISWNSUOD  JO (SUS1/SPI SUIODUI-MO|) SIDWNSUOD Buijjegel poo4 d pauun 110z “[e 1@ 12913
saseydind (Ajuo 19y ewWIdNS DIAIDS-||N} (3930 pooy Ay3eay S31e1S [L¥] 5l0T
SOA Ajuo a1 pooy AyijesH elep auljaseqd) dnolb [0U0d ON  OU YlM SPOOYINOgUDISU Ul SJUSPISSY O} $S90) JUSUWUOIIAUS POO 3 payun ‘e 1@ zumogng
|0J3u0d syied (24n3dNASRHUI $91e1S oy
SO+ Moyod 150d/21d 1V/Vd INOYIM S19311S JBSU SIUSPISDY syied ayI1g Yum $19913S Ul SIUSPISDY 32A01Q) JUSWUOIIAUS 1jIng 3 paun 10z "2 1@ |13
Spoo} Aleuoialdsip uo sapijod [olele! s31e1S [6€] /10T
oN AJUO 1504 NG Sa1p1j0d INOYIM $1RIS Ul USJIP|IYD |O0YDS UYaM S$31e3S Ul BUIAIl UIPIYD  AYieayun $s902e PaidLisay d pauun  BISOJIN % JeieQ
SMIIAIRUI
dAlle)enb
‘|euondas Juawdinba (auawdinba WAH J0opINO) [8g1 9107
SOA -S5040 pajeaday Vvd (2insodxa a1d) dnoib |0u0od ON SSOULL} MaU UM sypied Ul S19sn yied 9oeds usaIn 3 eljensny “Ie 19 Auuel)
S91IS so|es abelanag wopbury /€] £10T
OoN awill pa1dnialul  paudldAIMS-Iebng (@Insodxa aid) dnolb j013u0d ON Uleyd JUeINeISI JO SIDUWO0ISND (1ebns) xe| d pajuUnN "8 19 Uas|aulod)
|0UOD uswdinba uswdinba (auswdinba $91P1S [og] Z10T
S9N+ Hoyod 150d/21d S1IN Vd noyum syled ul s1asn syied SSOUL) MaU YUm sied Ul s19sn sued  WIAD 1oopino) adeds uasio 3 pauun “|e 19 Uayod
(uonedoja1 [S€] Z10T
SOA 1oyod 1s0d/a1d Bupjiepn dnolb jonuod oN pooyinoqybiau mau e ul SJUdpISay  Buisnoy) JUSWUOIIAUS }jing 3 eljessny “le 33 uensuyD
|0J3u0d pooyinoqybiau pooyinogqybisu (uonedojal buisnoy) [pel €102
SOA  + Moyod 1s0d/aid Bupjlerd  PHGAY JO [UOIIUSAUOD U| SIUSPISI aAIoddns-yd e ul syuapisay 1USWUOJIAUD 1|INg 3 eljensny “le 19 uensuyd
[PUOIDSS (2unsodxa SIENETe sa1e15 g€l 0l0Z
oN -55010> pajeaday 14DBIIM ul uonenen) dnoib [01U0d ON  A1IND3S [BD0S parefjul BulAidal Alap|3 11J2Uq 2.JBJ[aM [BD0S d pauun “1e 19 A3jmed)
s1usWIINbal s1usWIIINb3) s31e15 [¢€] z00T
oN AJUO 1504 1YBIPM Vd  Jd INOYLM S|ooyds ybiy ul sauspnisg 3d YuM Sjooyds ybiy ul sauspnis uopednpa id d pauun “le 19 A9jmeD
SIUDAD
[0JJUOD  JB[NDSBACIPIED 10) SUOIDLISAI SUOMDIS) SIS [L€] £102
ON  + Hoyod 1s0d/ald UoISSIWpe [PUdSOH Y41 OU UM SSIIUNOD U| SIUSPISaY V41 YUM S3UNOD Ul SIUSPISDY uone|nbal poo4 d pauun “le 19 1pueig
[eUOND3S SEIVEIIN SYO0P aeys [o€] 10T
SOA -55010 pajeaday swiwelbold 910 WOoJy JIayuny syuapisas A1 SYO0P Jeys-yiq 1eau syuspisal A1 swiwelboid aieys ayig 3 epeue)  “|e 19 zaydieulag
swwelboid Bunsixs yim
swwespboid swuwelbold [67] £10T
SOA AJUO 1504 34l 4o Aujenp 1NOYIM SyJed Jeau S1uapISay Vd Yum sied Jeau syuspisay  (paseq yed) swwelbold vd D elqwojod “|e 19 sepeuieg
|0J3u0d 26eI9A3G/5P00) SI9U9199MS Jebns uo SI9UDIIIMS [82] /10T
ON  + Hoyod 1sod/ald 1ebNs JO S3eS  Xe) OU YUM SDLIUNOD Ul SJUSPISDY  JeBNS Uo Xel Yim A1unod Ul SJUSpIsay JUsWaI0e Spel/yue| d epeued) “le 33 mojleg
SEIIEN NUEiRelele] Vid
ON awil} paydnuLiu| Ayieay jo afes (2insodxa a1d) dnoib |0uod oN $2101S 19yJeuIadns JO SIDUNSUOD Bulj|ege| poo4 d duUel{  GLOT "B 12 Sle|yY
e1ep SW021N0
Alewd ubisap Apnis uonuaAIU| dnoib pasodxaun dnoib pasodx3 ainsodx3g adA]  Aydeibosn 1eaA Joyiny

Crane et al. Health Research Policy and Systems

BLISILD UOISNDUI 13U YDIYM SIUSLIAXD [eInjeU Se BUIAJuapi-as salpnis L ajqeL



Page 6 of 13

(2020) 18:48

Crane et al. Health Research Policy and Systems

SIA AJUO 1504 vd 1910 Ul spuapIsal buisnoy diigngd PaJ3118DS Ul SjuapIsal buisnoy d1gnd Buisnoy [epos paiuun “|e 19 ¥2e||0d
swiwelboid jeuondo
aney 1o awweiboid AR aney N9 994 [85] ¥10T
SOA AJUO 1504 uondwnsuod A4 10U Op OYM UIPJIYD JO S3ljludeq  SAID S|ooyds asoym ualp|iyd Jo saljiude (pooy Au3eay) ssedde poo4 KeMION “Ie 19 WNIAQ
(abesped pooy
1ybram Apog sabeyped A11INd3s  aJejjam JO JUSIUOD [UOALINU s1e1S  [/G] #10T “Ie 19
SO 10yod 150d /a1 ‘231Ul Aelsig (@Insodxa aid) dnoib j01u0d ON POOJ BUIAIDISI $3I|IUJB) SWODUI-MOT 01 9buerYd) $59208 POO pauun BUNOA-sSWopO
SMIIAIDIUL DAY (UonesyRou
-eljenb ‘[euonoas pai1ou 10U syualed payou [euondo bBujus.ds S91P1S [946]
OoN -55010 pajeaday NG BuIua310S Yum S|ooyds Ul SIUSpNIS -BuUIUSIDS 1M S|O0YDS Ul SIUSPNIS (IW8) Yyeay) [eatulD pauuN | 10T ‘uaspey
(2unsodxa (looyas |exo| 01 S31e1S [sq]
SOA AJU0O 1504 uonedidued |y 21d ||edal) dnolb j01u0d ON |OOYDS [BD0| 01 PalIajSuUrI] SJUSPNIS 19JSUBI1) JUSLIUOIIAUD }|Ing pauuN /107 “|e 12 997
E
SMIIAIDIUL  'S9111|ID8) \d 'POOY 1joud ysed 1joid diysiaumo oulsed yum (diysisumo FEICAN [¥S] 9102
SOA SAlRYEND  AY1eay 0} SS9V OU/3}| YLM SIHUNWIWIOD [eqll| S9IUNWWIOD [BQ} URDLSUIY SAIBN  OUISED) S92JN0S3J JJWLOU0D] pauun “|e 19 YsIpoY
eIPaW [SMIIAIRIU 2IN32NASEUU aIndnAselUl | 03 [ewixold (21n1oNAselyul wopbury [€S] v10T
PIXIN 9AIRYBND |V JO Ssaudiemy (@Insodxa aid) dnolb j013u0d ON SspooyINoqybIau Ul SISINWWOD) 1Y) JUSWIUOIIAUD 3|INg pauuN “|e 19 U1
(GSEWES)
|0U0D IINg wnuedisod yuiq yMiq 1e uonejussaid s21e15 [¢S] 10T
ON  + Hoyod 1s0d/aid SIDUYION [eulbeA AQ JSAIIPP OUM SISUION  YMIg UBIRSIRD AQ ISAIIDP OYM SISUION -lew [e13J) [ed1ulD pauun “|e 19 souidey
[PUONDIS  BUBOWS ‘A1SSGO (payednpa [1S] L 10T
OoN -55010 pajeaday RISIEIEY ) (2INsodxa Ul UoeLEA) [0/1UOD ON  UOIIEINP3 JO Ssieak uoneindod Anunod SIe3A) WLIOJ4 uoieINp3 Auewllan “le 19 sabunr
(Ausaqo
[BUONDS pooyp|iyd) (S924N0S3J I9MO]) OUIsed ou (5921n0S3J 191831D) SOUISED Jeau eale (s;uswdojansp sa1e1S  [0G] £10T “|e 1@
oN -55010> pajeaday 1ybam yuig 13U SUIOQ-MU URDLSWY DAIBN Ul UJOQ SUJOG-MaU UBDUSWY SAIlBN  OUISED) S92IN0Sal DJWoU0d] pauun YHWwS-sauor
[IESle/RRER (sooe|dsiom) l6¥] 9107
SOA 55040 pajeaday Vvd (2insodxa a1d) dnoib |0uod oN BuIp|INg MaU O} SAOW SISYIOM DO JUSWUOIIAUD 3|INg eljeisny “|e 19 Aaduer
SMIIAIRUI
dAlle)enb
‘joJuod SWwI)| pooy Buijjege| uonnu Buyjjege| uoninu [8%] £10T
paxiN 4+ Hoyod 1s0d/a1d AYyeay JO 9jeS  INOYIM SI3IeWIRdANS JO SISWNSUOD) Yum syayleudtadns Jo siswnsuod) Bul|age| pooH epeued) “le 19 ulqoH
[ilVen} Vd |euoieaial pooyinoqybisu pooyinogybiau (uonedojal buisnoy) [L¥] €10C
SSA 4 Hoyod 1s0d/aid pue |y  PUgAY JO [BUORUSAUOD Ul SJUDPISI aAloddns-yd e Ul s1UapIsay JUSLIUOIIAUD INg ell_)ISNY  “|e 19 110D-S3|ID
[eilVlen} 9OUIJUINDID S31e1S [oy]
SSA 4 Hoyod 1sod/aid diy-1stem IINg souldi|i4 aAleN eoLaWYy Ul souldijlq uoneibIy pauun  SLOZ “Ip 19 999
[S¥] z10T
9OUIBJUINDID (SI9NBS|-I9ABU) DAlIRU pUR Sa1eIS  ‘weybuipueuep
SOA AJUO 1504 diy-1siem INg S99UINIDI JURIDIWIWI SSIUIBUIDIA BOLISWY Ul SIURIDIWILI 9S9UIBUIDIA uoneibIy pauun 9 N4
SATVD ‘saseasip (ss200e SIDINIDS \d 924 (5921035 wopbury a4
SOA 1oyod 150d/a1d po1e|2i-Yd 931} OU Sem aJay) JI Se) [ednayrodAH 03} 559228 PaYIWI| YLM Syuaplisal A1 03 $s9008) awwleiboid vd paUUN  #10T “|e 19 Mai4
SMIIAIRUI
e1ep SW021N0
Alewd ubisap Apnis uonuaAIU| dnoib pasodxaun dnoib pasodx3 ainsodx3g adA]  Aydeibosn 1eaA Joyiny

(PaNU3UOD) BLISID UOISN|DUL 13U UDIYM SIUSWILISAXS [einieu se Buljuspl-jas salpnis L ajqeL



Page 7 of 13

(2020) 18:48

Crane et al. Health Research Policy and Systems

pide Anej-suesl 4/ ‘sieak aj1| paisnipe-Aujenb s47y0 ‘uoneonpa |edisAyd 34 ‘Auande |edisAyd yd ‘Arjod 4 ‘4ayio 0
‘AuAnoe [es1sAyd snolobin-01-1e19poW YdAW ‘s2Inlipuadxa JusjeAinba d1jogelaw s 3y ‘9¥elul 9|qe1aban pue 1INy A4 ‘UOIIUSAISIUL [BIUSWUOIIAUS J ‘UOIIUSAISIUI AIUNWWIOD D ‘X3pul ssew Apoq jiNg ‘|9AeL) SANDR [V

|0J3u0d sbuines sbuiaes s31e1G
ON  + Hoyod 150d/21d VAAW  1YyDIjAep ou yum $a1els Ul sJuapisay 1ybIAep yim Sa1e1S Ul SIUSPISDY QWwayds sbulaes 1ybikeq d pauun [2/ 10T P17
(2unsodxa (s1yauaq JuswAodwaun [L/]1910C
oN 1oyod 150d/a1d 1S90 ul uoneen) dnoib [0U0d ON uone|ndod asiopiom 3npy Ul abueyd) djwouod3 d epeue) “|e 19 UOSIBAA
(loyoope
‘Yd) sinoineysqg (2ansodxa sa1e1S [0/] €10z
OoN Ajuo 1504 yijeay snouep ul uoneuen) dnoib [013u0d ON AVSISAIUN B 1B JUSPNIS syuswabuelie BulAll [e120S b paun “e 32 1aubepp
|013U0d [69] Z10T
SOA 4 Hoyod 150d/a1d obesn yued 'vd sied paysigin-un ue siasn sued paysigingal e Jo Siasn 9oeds usaln 3 eljesny HEEBERVRIEYY
eale ueyjjodonsw (uonedojal [89] 8007 "I 1°
SOA 10yod 150d/a1d vd (2Insodxa a1d) dnolb |013u0d ON e Ulyym swoy Bupnedojal syuspisay  Buisnoy) JUSUUOIIAUS 3|Ing 3 elelSNyY EXpleaSlelolal}
swiwelbold paysiigeiss yum
[e)ilVlen} 1o awwelbold swuwelboid [/9] /10T
SOA  + Moyod 1s0d/a1d VAAWN NOYIM syled Jesu syuspisay Vd Mau yum syed Jeau syuspisay  (paseq-yled) swwelboid vd D elquiojod “e 39 10|
SEIIEN SWIa)l pooy (2unsodxa Bul|jage| uonuInu S31e1S [99] 0l0T
oN awi pardniiaiu| Ayieay jo afes ul uonenen) dnoib [013U0D ON  J|9Ys Yum s1alewnsadns Jo s1aunsuod 50e| poo- d pauun  “|e 19 pueuaying
(saanuiwi
win|nNoIIND d Vd wnwiuiw Aoyepuew) Adjjod vd (WnnoInd [59]
SOA AJUO 1504 ING ‘'Vd  INOYLM |OOYDS Ul SIUSpPNIS Alewilid AJIBP Y1IM [O0UDS Ul SUapnIs Aleullld |ooyds) awwelbold vd d epeue) 710z “|e 12 auois
uonedpiued sapow Jodsuely Jayio pue podsuely [#9] 9107
PIXIN 10oyod 150d/a1d 1V 'Vd (dansodxa-a1d) dnoib j01u0d ON ognd Buisn syuspnis AlSISAIUN 1S Wodsuely dlgngd 3 epeue) “e 19 A3jueis
(obpam
dais) jouod sani> Aioredpnied [€9] £10T
SSA 4 Hoyod 1sod/aid vd -194-10u pue Aiojedpiped-uoyN  swwelboid ayy ul Bunedpiied 9D (ALUNWWoD) swwleiboid vd b) |1zeig “|e 19 S90WIS
[BUOND3S (ubisapal S31e1S [29] /10T
SOA -55010 pajeaday abesn syed ‘vd (@Insodxa aid) dnolb [01U0d ON  SIUSPISDI POOYINOGYHBIBU SUIODUI-MOT] 199115) JUSWUOIIAUD 1|Ing 3 pauun “le 19 Z3NYS
[e)ilVlen} AINdas 19yJewIadns ou 19yiewIadns (33pn0 pooy AYyeay S31e1S [19] €107
SO+ Moyod 150d/21d pOoO} ‘LUl A9 YHM pooyinogyblau Ul SJUSPISaY MU YlIM SPOOYINOgqybIsu Ul SJUSPISSY O} $S90) JUSUWUOIIAUS POO 3 paun NEREPET[ol=S
yijeay panodai (Kluo $I101035 wopburyy [09]
SOA AJuo aid -9 ‘W9 'Vd e1ep auljaseq) dnolb |01uod ON BuISNOY 1UaJaHIp WO SIUSPISal 11D Buisnoy [eos 3 pauuUnN  910¢ “e 19 wey
yyeay paaiad
‘NG “Inoineysq Buisnoy palaisnp Buisnoy S31e1S [65] ¥10T
e1ep SW021N0
Alewiid ubisap Apnis uonuanIau| dnoib pasodxaun dnoib pasodx3 ainsodx3g adA]  Aydeibosn 13K Joyiny

(PaNUIUOD) BLISID UOISN|DUL 13U UDIYM SIUSWILSAXS [eineu se Buljuspl-jas salpnis L ajqeL



Crane et al. Health Research Policy and Systems (2020) 18:48

Exposure

Exposure samples comprised residential populations in a
defined neighbourhood or region, consumers of food
outlets (e.g. supermarkets or restaurant chain) or phys-
ical activity space (e.g. park-setting). A clearly defined
unexposed ‘control’ group was used by 15 studies [28,
31, 34-36, 40, 42, 46-48, 52, 61, 63, 67, 69, 72]. More
often, exposure was assessed in the one population
group or area without a defined unexposed group (n =
18) [27, 30, 33, 38, 43, 44, 47, 49-52, 56, 57, 62, 64, 68,
70, 71] or comparisons made between two groups, one
of which was exposed, at a single time point (n = 10) [29,
32, 39, 41, 45, 55, 58-60, 65].

Not all studies used a dichotomous definition of expos-
ure. Graded levels of exposure between groups, areas or in-
dividuals over time were used in a small number of studies
[33, 43, 51, 71]. These studies had no similar intervention
characteristics that might suggest a pattern or typology of
where and when graded exposure may be necessary.

Evaluation measures
A variety of evaluation measures were used to evaluate
obesity prevention interventions, including subjective and
objective measures of physical activity (walking, active
travel, metabolic equivalents), diet and body mass index,
and health behaviour from surveys, physical and manual
counters (i.e. accelerometers), as well as secondary data
sources listed above. One study used geospatial information
systems to identify exposed and unexposed groups [35].
Evaluation methods varied across similar interventions.
For example, two studies [36, 38] evaluated the impact of
new outdoor gym equipment on physical activity. Only
one compared changes in the exposed group (park users/
residents) against users of parks without gym equipment.
Three studies used different methods to assess sales data
to determine the effectiveness of food labelling policies in
supermarkets. One of these compared data across three
supermarket chains, with one chain acting as the control
[55], one compared variation in exposure across a variety
of supermarket types [66], and the third study simulated
exposure because the labelling policy in question was vol-
untary and haphazardly implemented [27]. These differ-
ences suggest a variety of evaluation measures are applied
to natural experiment opportunities.

Evaluation timeframe

Of the studies that included pre and post data collection,
studies conducted over a short (less than 3 year) evaluation
period, such as community or environmental interventions,
predominantly used original sourced data from surveys or
observational measures. Studies with a longer evaluation
period relied on secondary data collection as could be ex-
pected given the time constraints on primary data collection.
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Table 2 Summary of study characteristics

Classification Sub-classification N

Intervention characteristics 46

Intervention setting Policy intervention 19
Environmental intervention 17
Community intervention 5

Individual behaviour intervention 1

Economic intervention 2
Migration 2
Scale of intervention  National 8
State/region 12
City/neighbourhood 26
Intervention theme Food labelling 4
Food regulation/taxation 3
Food accessibility 6
Workplace/school/community 7

physical activity programme

Built infrastructure development 11

Transport interventions 4
Social environment changes 3
Clinical/screening procedure 2
Economic events 4
Other 2

Evaluation characteristics

Study design Longitudinal pre/post quasi-experiment 15

Longitudinal pre/post cohort (single group) 6
Interrupted time series 4
Repeat cross-sectional surveys 9
Post-test observation only 9
Qualitative only 2
Pre-test observation only 2
Data source Primary 27
Secondary 15
Mixed 4
Data collection® Short-term (<3 years) 21
Long-term (3+ years) 12

%Includes time-related study designs only

Utility

The value of natural experiments for providing real-
world population evaluation evidence was appraised in
terms of whether the studies could have been conducted
as planned researcher-driven experiments. We deter-
mined the purpose of the study and found that the ma-
jority evaluated the effectiveness of an intervention or
impact of a policy (see Additional file 4 Table S2 for full
list). In terms of utility, we first found that planned
researcher-driven research was not always feasible to an-
swer the research questions raised by the authors and, as
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such, were opportunities that could only ever be investi-
gated as natural experiments. For example, Jones-Smith
et al. [50] sought to establish whether Native American
economic resources (from casino ownership) influenced
the likelihood of childhood obesity; Zick et al. [72] aimed
to assess whether daylight saving time is associated with
increased time spent in moderate-to-vigorous physical
activity. The purpose of these studies was to examine so-
cial or environmental determinants or inequalities in the
population, which would not be amenable to/appropriate
for researcher manipulation. In some instances, we
recognised it would be possible for a researcher to have
some involvement in the decisions regarding when and
where an intervention occurs in order to obtain baseline
data; for example, evaluation of the impact of a new pol-
icy taxation [27, 37]. However, if a policy was enacted
quickly, baseline data collection would be restricted.
Some of the studies involved relocation, such as those
for new housing developments in Australia [34, 35, 47,
68], where researcher control over the planning, timing
or conditions of the relocation, even if working with the
authorities, would likely be unrealistic.

We note that studies aimed at assessing inequalities in
the population or determining intervention effectiveness
would be unethical as a planned experiment where there
was risk of potential harm from intentionally restricting
access to medical care [52], economic support [50], edu-
cational opportunity [51] or randomising individuals/
groups to social benefits [33, 57, 71], freedom to migrate
[45, 46] or health services [57, 65].

In other cases, researcher manipulation of study com-
ponents may have been possible, but the researcher
would have been constrained by practical considerations
such as time, population sample size or location of ex-
posure [61]. As obesity takes time to develop and tends
to reverse, some evaluation questions necessitate a long
lag time between exposure and outcome, which negate
short-time planning. In one study, historical data was
used to investigate the effect of academic schooling on
obesity-related health behaviours in adults [51]. A
planned study of this nature would be unrealistic, involv-
ing long follow-up from schooling to adult years to es-
tablish causality; it would also be unethical to control
exposure to schooling. Bernatchez et al. [30] evaluates
awareness of a new bicycle share programme rather than
use; this may be because evaluation occurred too early
to measure behaviour change as measured in another
similar study [40]. In other cases, a planned experiment
would be unpractical because the nature of the interven-
tion necessitates a whole-of-population approach, such
as the effect of tariffs applied to certain energy dense
foods on unhealthy food consumption [28]. The point of
time at which a researcher engages may preclude pre-
intervention data collection. For example, in one study,
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researchers could only collect retrospective survey data
on commute mode from parents whose children trans-
ferred to a new school [55]; other researchers serendipit-
ously had a public transit strike occur in the midst of
measuring spatial behaviour among undergraduate stu-
dents, allowing a spontaneous pre/post examination on
changes to student travel patterns to university [64]. In
some situations, a natural experiment may be the only
realistic option available despite the absence of a control
group because the intervention is so unique that a suit-
able control group is not feasible. For example, in the
study by Cranney et al. [38], the park setting in which
equipment was installed may have had unique features
specific to its local environment, precluding a suitable
control. Similarly, in the study by Barradas et al. [29],
some parks were already receiving the intervention
programme and intervention settings were pre-
determined by another body.

Discussion
This study has characterised the use and value of natural
experiments, particularly focusing on the area of obesity
prevention and its complex aetiology. Although the
number of studies self-described as natural experiments
has increased over the past two decades, the body of re-
search, at least in obesity prevention, remains small.
Obesity prevention is a complex issue. Research evi-
dence about interventions implemented in real-world
conditions and the impact of policies represent a key
gap in the knowledge. Thus, there is a need for greater
generation of evidence about the impact and effective-
ness of policy strategies, and natural experiments could
be better utilised to provide this evidence. In assessing
how natural experiment studies have been used, we found
that the majority of the studies reviewed were designed to
evaluate the impact of a policy or the effectiveness of an
environmental intervention. The policy evaluation studies
were almost all at the national or state level. Geographic-
ally, the studies in this review were located in English-
speaking countries, which may reflect the high prevalence
rates of obesity in these countries, and the search methods
precluded studies in non-English speaking countries; how-
ever, it may also be due to the low use of evaluation ap-
proaches across other countries and within research
groups within these countries. For this reason, WHO Eur-
ope recently held a workshop to support and facilitate
public health practitioners from participating European
countries in the use of natural experiment methods [14].

Strengths and weaknesses of natural experiments

The strengths of natural experiments are in their ability
to evaluate the process and outcomes of implementation
of policies and interventions within the real-world com-
plex social and political conditions they naturally operate
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in. The response to the obesity epidemic has required a
broad range of policy, environmental and individual be-
haviour change interventions — necessarily complex in-
terventions able to function within a complex socio-
political system [2, 23]. Evaluation research designs need
to be flexible and able to measure the interaction be-
tween multiple factors [73].

Natural experiments offer opportunistic evidence where
a researcher-driven study may be impossible for reasons
of intervention timing or exposure. Nevertheless, the abil-
ity to make causal inferences from natural experiments
depends on optimising the research study design [74]. We
identified a variety of designs, including interrupted time-
series, cross-sectional and longitudinal cohort designs.
Few of these studies were experimental/quasi-experimen-
tal, including both pre and post measures for an exposed
and a comparator group. However, a surprising number of
the studies used a single data collection point to evaluate
an intervention and thus could not attribute any observed
changes to exposure to the intervention. However, some
used mixed methods designs to strengthen study findings.
Two studies presented only baseline data (pre-experimen-
tal) [41, 60] and may have further intentions for collecting
follow-up data; these may be premeditated natural experi-
ments. This evidence represents a weakness in study de-
sign for evaluating natural experiment studies rather than
a weakness of natural experiments in general, and some-
thing the MRC has tried to address through detailed guid-
ance on measurement and statistical methodologies [26].

Another strength of natural experiments is their flexibil-
ity. Evaluation periods ranged from a single time point to
spanning decades and unsurprisingly the evaluation period
determined whether primary or secondary data was used
to assess exposure. A variety of outcome measures was
used and these sometimes varied across similar interven-
tions. While this flexibility is an advantage of the method,
it increases the difficulty for comparisons in evidence re-
views [21]. Most studies adapted the research design to fit
the existing intervention context. Harnessing resources be-
fore policy interventions is a research planning challenge
posed by natural experiments. To overcome this, some
studies strengthened their findings by the use of multiple
data sources. In such situations, both primary and second-
ary data contribute to the evidence, and largely depend on
the level of control the researcher has on the intervention
occurring, the group exposed or the timeframe in which
the intervention or event occurs.

A further strength of natural experiments is their delivery
of scale, allowing for exploration of a wider range of re-
search questions to be investigated at the population level,
to enable generalisation [15]. Natural experiments operate
under circumstances where randomisation is not possible,
there are ethical considerations, identifying suitable controls
may problematic, and timing (both researcher timing
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relative to the intervention and the time length of the inter-
vention) may make the collection of ideal data infeasible.
These natural experiments fill a void not otherwise met by
traditional designs, and may vyield insights into exposure—
outcome relationships, which are nonetheless informative
for obesity prevention.

Natural experiments are often criticised for their in-
ability to eliminate bias. Benton et al. [75] assessed the
risk of bias across a number of natural experiments
using an acceptability score based on confounding, par-
ticipant selection, exposure and outcome measures, and
missing data, concluding that evidence on the effects of
these interventions was too problematic to be useful.
Bias, particularly due to confounding, is a concern for
natural experiments [18]. We observed that few studies
in this review had a defined control and exposed group
— given that these studies are unplanned evaluations, a
clearly defined control group may be challenging to es-
tablish. Within the studies reviewed, a clearly defined
unexposed group was more likely in environmental in-
terventions where the researcher could establish a study
design with original data. In contrast, establishing a
clearly defined unexposed group becomes more difficult
when evaluating policy interventions, as these are gener-
ally implemented acutely, and at the population level.
Modelling simulations to create control groups was one
approach employed [27, 44] to circumnavigate the lack
of control group comparator. Others employed a step-
wedge design [63] or time-series data to help overcome
some limitations of not having a suitable control com-
parator condition. Simulations may be especially useful
when counterfactuals are difficult to establish or create
[26]. Leatherdale [18] provides some other suggestions
for facilitating greater evaluation evidence of health pol-
icies, suggesting the need to improve the ability to evalu-
ate government policy. For this to happen, capacity
needs to be built around practitioners either to conduct
natural experiments or to work closely with academics
so that more robust quasi-experimental methods of
evaluation can be employed [76].

Despite these weaknesses, we caution against devalu-
ing natural experiments based on a simple hierarchy of
evidence. Applying the same standards of study design
quality to natural experiments ignores the contribution
they can make to overall evidence generation [17], par-
ticularly in regard to the complexity of real-world inter-
ventions and policy evidence. In response to the
complexity of the obesity epidemic, obtaining policy
and intervention impact evidence is critical. Indeed,
natural experiments may provide innovative research
translation evidence that has been lacking on obesity
policy interventions [77, 78]. Therefore, despite the
limitations of natural experiments, they provide valu-
able information on public health efforts to prevent
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obesity as, otherwise, remain
unknown.

The limitations of this review include our search cri-
teria for identifying studies. It is possible that the confu-
sion around natural experiments and quasi-experiments
limits the number of collected studies to those we have
discussed. For example, some protocol papers extracted
from the initial search identified as a natural experiment,
yet subsequent articles by the authors of these papers
did not self-identify their intervention as a natural ex-
periment. This suggests that those studies that want to
identify as this type of research are not meeting an
agreed definition. The synthesis of the utility of studies
was limited to the information provided in each article;
political, socio-cultural and practical obstacles that affect
natural experiments and limit the potential for planned
interventions is thus speculative.

any effects might

Conclusion

This review examined natural experiments in an effort
to improve the public health evidence for obesity pre-
vention where a controlled experimental design would
be inappropriate. Research using natural experiments
has increased over the last few years; however, it remains
overlooked in the context of the wider research evidence
despite the importance of these interventions taking
place in real-world settings. Our findings highlight the
strength of natural experiments in improving our under-
standing of the effectiveness of complex population in-
terventions and providing informed evidence of the
impact of policies and novel approaches to understand-
ing health determinants and inequalities. The studies
reviewed also reveal that there is need to strengthen re-
search designs to enhance their utility.
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