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Abstract

Background

Both active and passive cigarette smoking have previously been associated with orofacial
cleft aetiology. We aimed to analyse the impact of declining active smoking prevalence and
the implementation of smoke-free legislation on the incidence of children born with a cleft lip
and/or palate within the United Kingdom.

Methods and findings

We conducted regression analysis using national administrative data in the United Kingdom
between 2000-2018. The main outcome measure was orofacial cleft incidence, reported
annually for England, Wales and Northern Ireland and separately for Scotland. First, we
conducted an ecological study with longitudinal time-series analysis using smoking preva-
lence data for females over 16 years of age. Second, we used a natural experiment design
with interrupted time-series analysis to assess the impact of smoke-free legislation. Over
the study period, the annual incidence of orofacial cleft per 10,000 live births ranged from
14.2-16.2 in England, Wales and Northern Ireland and 13.4—18.8 in Scotland. The propor-
tion of active smokers amongst females in the United Kingdom declined by 37% during the
study period. Adjusted regression analysis did not show a correlation between the propor-
tion of active smokers and orofacial cleft incidence in either dataset, although we were
unable to exclude a modest effect of the magnitude seen in individual-level observational
studies. The data in England, Wales and Northern Ireland suggested an 8% reduction in
orofacial cleft incidence (RR 0.92, 95%CI 0.85 to 0.99; P = 0.024) following the implementa-
tion of smoke-free legislation. In Scotland, there was weak evidence for an increase in
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orofacial cleft incidence following smoke-free legislation (RR 1.16, 95%CI 0.94 to 1.44; P =
0.173).

Conclusions

These two ecological studies offer a novel insight into the influence of smoking in orofacial
cleft aetiology, adding to the evidence base from individual-level studies. Our results sug-
gest that smoke-free legislation may have reduced orofacial cleft incidence in England,
Wales and Northern Ireland.

Introduction

Orofacial clefts (OFC) of the lip and/or palate are common congenital anomalies with a com-
plex aetiology, based on interactions between environmental and genetic factors [1,2]. Ciga-
rette smoking is a common environmental factor with evidence of a causal role in OFC
aetiology [3]. Meta-analyses of studies assessing the relationship between active maternal
smoking during pregnancy and OFC indicate a moderate effect (OR 1.42, 95% CI 1.27 to 1.59)
[4]. A similarly positive association is seen with meta-analyses of studies investigating the rela-
tionship between passive maternal smoking (also known as second-hand smoking or environ-
mental smoking) and OFC (OR 1.54, 95%CI 1.11 to 2.12) [5,6].

Conventional observational studies to establish a causal relationship between smoking and
OFC have inherent limitations such as selection and recall bias, and confounding [7]. Rando-
mised controlled trials are neither feasible nor ethical [8]. Ecological studies, utilising data
from national registries, offer an alternative approach, with different sources of bias, and can
triangulate evidence by testing hypotheses in a real-world setting [9-11]. Given the associa-
tions reported from individual level studies, it is relevant to explore these at the population
level.

The UK, with a large population, is well placed for a population-level evaluation of OFC
incidence. Cleft services were centralised within the National Health Service in 1998 and there
was a subsequent creation of national cleft registries in 2000 [12-14]. Smoking habits have
changed in the UK population over the last two decades, with a decline in the proportion of
people actively smoking in part through the implementation of a series of anti-smoking gov-
ernment policies [15]. The implementation of comprehensive smoke-free legislation across the
UK between 2006-2007 is likely to have reduced exposure to passive smoking [16], with a 27%
mean reduction in cotinine levels amongst non-smoking adults [17] and an improvement in
air quality in public bars [18]. The aim of this study was to use two time-series designs, namely
an ecological study and a natural experiment, to determine whether there is any evidence that
changing exposure to smoking in the UK has had an impact on OFC incidence.

Methods
Study design and setting

Two time-series studies were performed using routinely collected data from the UK between
2000 to 2018. First, an ecological study with longitudinal time-series analysis to investigate the
association between the proportion of pregnant women actively smoking and OFC incidence.
Second, a natural experiment design with interrupted time-series analysis was used to assess
the impact of the implementation of smoke-free legislation on OFC incidence. We followed
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published guidance relating to ecological studies [19] and natural experiments [9,20] and
reported this study using the STROBE framework, where possible to do so [21].

Outcome variables

The main outcome of interest was annual incidence of OFC, defined as the total number of
children born with any subtype of cleft lip and/or palate in the UK per 10,000 live births each
year. Incidence data were also obtained for the subtypes cleft lip with or without palate (CLP)
and cleft palate only (CPO), to explore whether these subgroups had different associations
with smoking, as others have found [22,23].

The annual calendar year count of live births with OFC in England, Wales and Northern
Ireland (EWNT) was accessed from the Cleft Registry and Audit NEtwork (CRANE) Database
from 2000 to 2018 [13]. Case ascertainment in the CRANE Database for OFC registration in
EWNI is 95% [24]. Annual counts of all live births with OFC in Scotland was obtained from
the clinical database of the National Cleft Service for Scotland, which reported by financial
year (April to April) between 2000-2009 and calendar year between 2010-2018. Children born
in Scotland between January-April 2010 were counted twice due to the change in annual
reporting intervals, but exclusion of 2010 data in the analysis did not impact the results. The
difference in time interval reporting structures between the two UK cleft datasets precluded
data amalgamation, thus outcome data from Scotland was considered separately. OFC sub-
types are identified nationally according to the LAHSHAL classification [25].

OFC incidence in EWNI was calculated using the number of children born with OFC and
registered on CRANE, divided by the total number of live births, reported by the Office of
National Statistics (ONS) for England and Wales [26] and the Northern Ireland Statistics
Research Agency [27]. OFC incidence in Scotland was calculated in the same way using the
Scottish clinical database and live birth data reported by financial year in the Scottish Morbid-
ity Record between 2000-2009 [28] and reported by calendar year by Scottish National Rec-
ords between 2010-2018 [29].

Ecological study exposure variables and co-variables

The exposure of interest in the ecological study was active maternal cigarette smoking during
the first trimester of pregnancy, because this coincides with the embryological formation of
facial structures and is thus regarded as the critical time for smoking to play a role in OFC aeti-
ology [30-32]. We could not identify a nation-wide data source to estimate UK prevalence of
maternal smoking in the first trimester [33]; therefore, two aggregate proxy measures were
used. The primary exposure proxy measure was the proportion of active cigarette smokers in
females over 16 years in the UK (Exposure Proxy 1) by calendar year, reported by the ONS
Annual Population Survey, which has an annual sample size of 320,000 and aims to be broadly
representative of the UK population [34,35]. As a sensitivity analysis, the proportion of active
smokers amongst all pregnant women attending an antenatal booking appointment in Scot-
land by financial year was used as a secondary proxy measure (Exposure Proxy 2), reported by
Public Health Scotland in the Scottish Morbidity Record [36].

Aggregate time-series data on potential confounders over the 2000-2018 period of the
study was sought, including maternal age, maternal alcohol consumption, maternal body mass
index and folic acid supplementation [37-40]. Maternal age was the most reliably reported co-
variable at a population level and was available for populations in both EWNI [26,27] and Scot-
land [29] throughout the study period. Other co-variables were either not accurately measured
or not available, so were not used in the adjusted model.
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Natural experiment intervention and bias

The single intervention under investigation in the natural experiment analysis was the imple-
mentation of smoke-free legislation in the UK, which prohibited smoking in the workplace
and enclosed public spaces [41]. We tested the impact of the 2007 legislation in EWNI (imple-
mented in Wales 2™ April 2007, Northern Ireland 30™ April 2007 and England 1% July 2007)
and legislation in Scotland implemented 26™ March 2006 against 19 annual cleft incidence
data points between 2000-2018. The risk of bias in the natural experiment was assessed
according to the Cochrane Effective Practice and Organisation of Care (EPOC) criteria [42].

We anticipated the impact model of the smoke-free legislation a priori to involve a level
change reduction in OFC incidence, due to the well-defined dates of the smoking ban imple-
mentation, which should have an immediate impact on passive smoking exposure [16]. We
did not hypothesise a change in slope of OFC incidence following the legislation, due to the
consistent secular trend of decreasing active smoking at the population level present before
and after the ban [34]. We assumed a lag period, hypothesising that there is an impact of smok-
ing on OFC aetiology in early pregnancy and accounting for the nine-month human gestation
period. In EWNI the 2007 smoke-free legislation was introduced between April-July; all chil-
dren born at term in 2007 would have been conceived prior to the smoking ban; children born
in 2008 may have been conceived before or after the implementation of the ban, therefore
2008 data was excluded from the analysis [43]; children born in 2009 would all have been con-
ceived after the legislation. For Scotland, the smoke-free legislation was implemented in
March 2006, and as cleft cases were counted from April to April, the financial year starting in
2006 was involved in the lag phase and was excluded from the analysis. The first financial year
in Scotland where all births would have been conceived after the legislation was 2007.

Statistical methods

All variables were described initially through visualisation and summary statistics with inter-
quartile range (IQR). For all analyses, the count outcome was modelled as a quasi-Poisson dis-
tribution to account for overdispersion and was offset by total live births to model the time-
trend of incidence. Autocorrelation was investigated with plots of residuals [8,44]. The trends
in annual OFC incidence were described using cubic flexible spline functions of time with 4
degrees of freedom specified for both EWNI and Scottish datasets to minimise both dispersion
and autocorrelation [45]. Effect estimates were reported as incidence rate ratios (RR) with 95%
confidence intervals (CI) and p-values. P values were interpreted as continuous measures of
the strength of evidence against the null hypothesis.

To estimate the potential impact of active smoking prevalence over time on OFC incidence
since the year 2000, we used information from our meta-analysis of individual-level studies, in
which we reported a pooled odds ratio between active maternal cigarette smoking and OFC of
1.42 [4], to create predicted OFC incidence projections at a population level. The projection
was created using the proportional attributable fraction (PAF), calculated using both Proxy
Measure 1 and 2 of active smoking prevalence [46]. A worked example of the PAF projections
can be found in S1 Appendix.

The ecological time-series analytical strategy followed the principles described by Bhaskaran
et al. (2013), to investigate whether short-term variation in OFC incidence could be explained
by changes in the active smoking exposure [47]. To analyse the association between annual
OFC incidence and smoking prevalence (for Exposure Proxy 1 and 2 separately) an unadjusted
(crude) model was first fitted. The final model was adjusted for the yearly long-term incidence
trend and maternal age with a 1-year lag, as an upward approximation to account for the
9-month human gestation period since the model works with annual rates [45].
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The natural experiment analytical strategy followed the principles described by Lopez-Ber-
nal et al. (2017), with an interrupted time-series segmented regression model used to compare
OFC incidence before and after the implementation of the smoke-free legislation [48]. As justi-
fied above, the models were parameterised to allow and test for a change in level of OFC inci-
dence after the legislation. Sensitivity analyses were performed to model a change in level at
other non-intervention years (where at least 3 datapoints fall on each side) to assess whether
results are just reflecting a better statistical fit to random sampling variation rather than a true
finding generated by the introduction of the smoke-free legislation [38].

Raw data are available in S2 Appendix. All analyses were conducted using the R Project
for Statistical Computing, version 4.0.5 (http://www.R-project.org/) with code available in
S3 Appendix.

Results
Secular trends

0Of 13,225,737 live births in EWNI between 2000-2018, 20,049 children were born with OFC
with an annual incidence per 10,000 live births ranging from 14.2-16.2 (IQR 0.9). Of 1,038,843
live births in Scotland, 1,720 children were born with OFC, with an incidence per 10,000 live
births ranging from 13.4-18.8 (IQR 2.4). Visual inspection of OFC incidence revealed annual
fluctuation and regression analysis with adjustment for long-term trends (see Fig 1) did not
suggest a change over time in either EWNI (B0.002, SE 0.003; P = 0.616) or Scotland (0.000,
SE 0.006; P = 0.957). The smaller population in Scotland showed greater variation in the OFC
incidence data compared to EWNL

In EWNI, 10,282 children (51%) were born with CLP and 8, 634 (43%) children were born
with CPO subtypes. Unspecified subtypes were recorded for 1,133 children (6%). CLP inci-
dence ranged from 6.7-8.8 (IQR 0.6) and CPO incidence ranged from 5.4-7.4 (IQR 0.7) as
seen in Fig 2. In Scotland 886 children (52%) were born with CLP and 834 children (48%)
were born with CPO. The incidence of CLP in Scotland ranged from 6.2-10.1 (IQR 1.3) and
the incidence of CPO ranged from 5.6-10.0 (IQR 2.3).

The proportion of active smokers according to Exposure Proxy 1 (females over 16 years in
the UK) decreased from 25.5% in 2000 to 16.2% in 2018 (IQR 5.9%) and in Exposure Proxy 2
(pregnant females in Scotland) from 28.9% in 2000 to 15.1% in 2018 (IQR 6.9%) as seen in Fig
3. This was a relative reduction of 36.5% for Exposure Proxy 1 and 47.8% for Exposure Proxy 2
during the study period. Linear regression shows strong evidence for a reducing trend in the
proportion of active smoking for both Exposure Proxy 1($-0.61, SE 0.03; P<0.001) and Expo-
sure Proxy 2(B-0.81, SE 0.03; P<0.001). The projected change in OFC incidence in both
EWNI and Scotland over the study period, calculated from the PAF predictions, was a relative
incidence reduction of 2.8% under Exposure Proxy 1 and 4.1% under Exposure Proxy 2 (See
S1 Appendix).

Longitudinal time series analysis

In both EWNI and Scotland there was no strong evidence of a correlation between OFC inci-
dence and either proxies of active smoking prevalence in the crude or adjusted analysis (See
Table 1).

Interrupted time series analysis

The pre-legislation trends of OFC incidence were positive and linear in both datasets. In
EWNI, there was moderate evidence for an 8% relative level decrease in OFC incidence
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Fig 1. Quasi-Poisson regression line of orofacial cleft (OFC) incidence over time in EWNI and Scotland with long-term trends modelled
using cubic flexible spline functions. The scatter are the raw annual data points.

https://doi.org/10.1371/journal.pone.0259820.9001
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Fig 2. Quasi-Poisson regression line of the incidence of subtypes cleft lip +- palate (CLP) and cleft palate only (CPO) over time in England
Wales and Northern Ireland and in Scotland with long-term trends modelled using cubic flexible spline functions. The scatter are the raw
annual data points.

https://doi.org/10.1371/journal.pone.0259820.9002
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Proxy exposure variables for proportion of active smokers in UK pregnant females
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Fig 3. Scatter plots of two proxy exposure measures for the prevalence of active smoking in pregnancy in the UK: Exposure proxy 1 is the prevalence of active

smoking amongst females in the UK and Exposure Proxy 2 is the prevalence of smoking amongst pregnant women attending antenatal booking appointment in
Scotland.

https://doi.org/10.1371/journal.pone.0259820.9003

following the 2007 smoke-free legislation (RR 0.92, 95%CI 0.85 to 0.99; P = 0.024) as seen in
Fig 4. Sensitivity analyses to model the implementation of the smoking ban in 11 additional
years in EWNI showed no evidence to suggest a decreasing level change in OFC incidence in
any other year but there was a step level increase in 2003 (see S4 Appendix). Our interrupted
time-series analysis strategy in EWNI scored a low risk of bias on six of the seven EPOC crite-
ria (see Table 2). The risk to external validity from additional time varying factors occurring

Table 1. Crude and adjusted association (Incidence rate ratio: RR) of the annual prevalence of active smoking (%), based on the two proxy measures*, with the inci-
dence of orofacial cleft.

Population of children born with Orofacial Cleft Exposure Proxy* Crude RR P Value Adjusted RR** P Value

England, Wales and Northern Ireland 1 0.997 (0.992, 1.003) 0.380 | 0.976 (0.942, 1.012) 0.191
2 0.999 (0.994, 1.003) 0.612 | 0.999 (0.943, 1.060) 0.984

Scotland 1 1.004 (0.990, 1.018) 0.589 | 0.989 (0.924, 1.059) 0.759
2 1.004 (0.994, 1.015) 0.436 | 0.995 (0.877, 1.128) 0.936

*Exposure Proxy 1 is the proportion of active smokers in females over 16 years of age in the UK reported by calendar year and Exposure Proxy 2 is the proportion of
active smokers in pregnant women in Scotland attending antenatal booking appointment reported by financial year.

** adjustment for secular trend, maternal age and a one-year lag of exposure effect.

https://doi.org/10.1371/journal.pone.0259820.t001
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Fig 4. Interrupted time series regression analysis of orofacial cleft (OFC) incidence in England, Wales and Northern Ireland. Smoke-free legislation to prohibit
smoking in the workplace and enclosed public spaces was implemented in 2007 and the period following is shaded in grey. Data from 2008 were omitted from the
regression due to involvement in the lag phase. The first post-legislation datapoint was 2009.

https://doi.org/10.1371/journal.pone.0259820.9004

during the study period, such as alcohol legislation and the global financial crash, formed the
major source of bias (See S5 Appendix).

In Scotland the model showed weak evidence for change in level in the opposite direction
(RR 1.16, 95%CI 0.94 to 1.44; P = 0.173) following the 2006 smoke-free legislation. Sensitivity
analysis showed evidence for step changes in several years before and after legislation imple-
mentation (See S4 Appendix). The interrupted time-series analysis in Scotland had the same
threats to external validity as EWNI, but there was additional risk of bias due to the change in
reporting of cleft counts before and after the intervention and unknown case ascertainment
(See Table 2).

Analysis of orofacial cleft subtypes

The ecological time series analysis did not provide convincing evidence of an association
between either CLP or CPO incidence and smoking prevalence in the adjusted analysis for
both EWNI and Scotland (see S6 Appendix). In the natural experiment in EWNI and Scotland
there was weak evidence to suggest step level changes in the incidence of both CLP and CPO
and the presence of multiple additional step changes in the sensitivity analysis suggest the
results were not robust (see S4 Appendix).
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Table 2. Cochrane Effective Practice and Organisation of Care (EPOC) [42] criteria to assess the risk of bias in interrupted time series studies in the datasets for
England, Wales and Northern Ireland (EWNI) and for Scotland.

EPOC Criteria Description in our study Risk of bias in | Risk of bias in
EWNI Scotland
1. Intervention independent of other | National trends, events, guidelines and policies relating to co-variables may have High High
changes influenced the outcome of orofacial cleft incidence and were a threat to external validity.
These have been considered chronologically in S4 Appendix
2. Shape of the intervention effect pre- | The anticipated impact of the intervention was predicted a priori in terms of lag phase, Low Low
specified change in level and change in slope with rationale explained
3. Intervention unlikely to affect data | The source of cleft data from the CRANE Database in EWNI was the same before and Low High
collection after the intervention

There was a change in the reporting of cleft counts in Scotland during the study period
(before 2010 by financial year and after 2010 by calendar year)

4. Primary outcome measure measured | Cleft data is entered into national registries in a systematic and objective way. Researchers | Low Low
objectively in this study were blind to this process
5. Incomplete data adequately Case ascertainment from the CRANE Database in EWNI known to be 95% Low High
addressed Case ascertainment in the clinical database of the National Cleft Service for Scotland not

known
6. Selective outcome reporting The study reported all outcomes (i.e. all cleft types) Low Low
7. Appropriate analysis using Segmented regression technique used as previously described in the literature Low Low

interrupted time series techniques

https://doi.org/10.1371/journal.pone.0259820.t002

Discussion
Statement of principal findings

Smoking behaviour changed dramatically in the UK between 2000 to 2018, with the propor-
tion of active smokers reducing by more than a third. Even with these dramatic reductions
in smoking prevalence, the predicted impact on OFC incidence in the study period is rela-
tively small, as illustrated in our PAF predictions. In our ecological time series, there was lit-
tle evidence of an association between the prevalence of active smoking and the incidence of
OFC in either EWNI or Scotland at a population level. The national implementation of
smoke-free legislation set the scene for a natural experiment and in EWNI the interrupted
time-series model suggested an 8% (1 to 15%; P = 0.024) relative step level reduction in
OFC incidence following the implementation of the ban. The absence of level change reduc-
tions in other years within the sensitivity analyses in EWNI offers some reassurance that the
findings reflect an underlying population change in OFC risk factors, rather than a chance
statistical finding. However, the results from the natural experiment in Scotland did not
replicate those seen in EWNI.

Strengths and weaknesses of the study

The main strength of this study was the availability of national data for both outcome and
exposure that had been collected in a systematic way throughout the study period. The ecologi-
cal study design is advantageous because it offers the opportunity to examine the contextual
effect of an environmental risk factor on a health outcome in complex real-world situations
and without the selection bias associated with groups of cases in individual-level studies [49].
The natural experiment is a strong quasi-experimental research design in this setting because
there was a clear intervention and the pre- and post-intervention time periods were well differ-
entiated and similar in length [9,50-52].

Our two proxy measures of the proportion of active smokers amongst pregnant women in
the UK had similar trends over time and were therefore likely to be representative of the trends
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in our target population but were not able to provide information on the multidimensional
nature (including intensity and duration) of smoking behaviour. The ecological fallacy has
been well described and precludes individual-level inference being applied [19]. For the natu-
ral experiment, our two main assumptions were the linearity of the pre-ban trend and the sta-
bility of population characteristics and exposures over time [43]. In addition, we assumed that
the smoke-free legislation would reduce exposure to passive smoking and whilst this has been
demonstrated in public places, there has been a suggestion that smoke-free legislation may
lead to an increase in passive smoking in the private or home environment [53]. We attributed
observed changes to the intervention, but implementation of additional legislation in the
devolved UK nations during the study period (such as increasing the legal age to buy tobacco
in England in 2007 [54] and the regulation of alcohol sales in Scotland in 2010 [55]) present a
threat to external validity [56]. In addition, the socioeconomic impact of the global financial
crash in 2008 may have influenced the distribution of births and ultimately OFC aetiology [57]
although the evidence for any impact on perinatal outcomes following the crash is weak [58].

Power to detect an effect if one exists in a time-series study is dependent on the number of
data points, stability of the data points, strength of effect, autocorrelation and overdispersion
[8,47,59]. The number of data points in our study (limited by the availability of OFC data),
small anticipated effect size and presence of overdispersion was insufficient to estimate the
ecological correlation between smoking and OFC incidence with an informative level of preci-
sion [43,51,60].

Comparison with previous studies

The incidence of OFC has been described in epidemiological studies for many populations
[61-67]. Time-series analysis techniques have been used to evaluate the change in OFC inci-
dence in Slovenia over a 26-year period, with unexplained observation of cycling and cluster-
ing of cases [68]. Examples of ecological time-series to evaluate the association of
environmental exposures and health outcomes have most commonly been performed in the
field of air pollution and mortality, where daily data is publicly available [69,70]. Two previous
ecological studies using data from Denmark and USA did not find an association between
reducing prevalence of active smoking and OFC incidence [71,72].

Natural experiment methodology has been used frequently in econometric evaluations, but
the translation to health epidemiology is difficult because the interventions being studied are
often more subtle [9,73,74]. The Dutch Hunger Winter served as an important example of a
natural experiment for birth outcomes, where maternal pre-natal nutrition could be linked to
offspring schizophrenia [75]. The impact of smoke-free legislation has shown level change
reductions in non-cleft areas of healthcare outcomes, with most evidence for acute coronary
events, where there is a pooled level change reduction of 10% [16,76-79]. The impact of
smoke-free legislation on prenatal outcomes is inconsistent [16], but in England has been asso-
ciated with a 4% reduction in low birth weight [41], in Scotland and the Netherlands a 4-5%
reduction in small for gestational age [80,81] and a pooled reduction of 10% in pre-term births
across three continents [82]. We are not aware of a previous study to investigate the impact of
smoke-free legislation on OFC incidence.

Interpretation and implications

The findings from this study can be considered in the context of existing knowledge on cleft
aetiology and triangulated with results from studies with alternative methodologies. Cigarette
smoking is one of many modifiable environmental risk factors that is thought to influence cleft
aetiology [2,30]. The mechanism of action of smoking may take effect either through direct
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interaction with neonatal tissues or through gene-environment interactions [83,84]. The
pooled effect estimate from the meta-analysis of individual-level observational studies was
used to project OFC incidence in this study, based on active smoking prevalence and assuming
no involvement of confounding factors [4]. The striking finding was that despite a relative
reduction in active smoking prevalence of 36-48% in the exposure proxies during the study
period, the projected relative reduction in OFC incidence was between 2-4%. It is important
to note that from a public health perspective the complete elimination of active smoking at the
start of this study in EWNI, where OFC incidence was 14.8 per 10,000 births, would only have
projected a decrease of 1.3 per 10,000 births over the study period and we cannot rule out a
change of this magnitude in the data we have.

The interpretation of the absent association between OFC incidence and active smoking
prevalence in our ecological study is consistent with data from individual studies in our meta-
analysis [4] and we lacked power in both EWNI and Scottish data to be able to identify such a
small association. We cannot rule out a moderate causal relationship, that may have been
masked by annual variation, the influence of confounders or imprecision in the estimates over
time. The data are, therefore, compatible with no effect or a moderate effect (as reported in
previous observation studies) but not a larger effect.

The level change reduction in OFC incidence observed in the EWNI interrupted time-series
corresponded with the implementation of smoke-free legislation and may indicate that a
change in exposure to passive smoking was associated with a reduced number of children
born with orofacial clefts. Intuitively, active smoking might be expected to have a larger effect
on OFC aetiology than passive smoking, but meta-analysis of individual-level data does not
show this to be the case [5]. Furthermore, passive smoking might affect a higher proportion of
mothers in the UK and in working environments with exposure to passive smoke for a long
duration, the dose could exceed that of females smoking a small number of cigarettes per day.
The incline of the slope before and after the legislation and the step level increase observed in
the 2003 sensitivity analysis may reflect random variations in OFC incidence or could be
linked to increases in other environmental covariables during the study period such as mater-
nal age [26,27,29] or body mass index [85,86].

A level change was not observed in the Scottish data at the time of smoke-free legislation
implementation, but step changes in both directions were observed in additional years during
the sensitivity analysis. This may reflect the reduced power and increased variability of the
smaller Scottish sample size, different smoking behaviours in Scotland or the influence of
unique policies from the devolved government on potential confounding factors. Level change
reductions have been demonstrated in Scotland following smoke-free legislation for condi-
tions with a higher frequency of occurrence than OFC, such as small for gestational age and
hospital admissions for childhood asthma [78,80].

CLP and CPO subtypes share risk factors but have been shown to have distinct epigenetic pro-
files and have historically been studied in the literature as separate entities [87]. There have been
conflicting reports from individual-level observational studies about the relative effect estimates of
active maternal smoking with these cleft subtypes, but our meta-analysis suggests overlapping con-
fidence intervals [4]. In EWNI the incidence of CLP and CPO both reduced following the imple-
mentation of the smoke-free legislation, but we were underpowered to test for any difference.

Conclusions

These population-level time series studies make use of the systematic collection of both expo-
sure and outcome data in the UK and facilitate a novel insight into the relationship between
cigarette smoking and OFC incidence. The data are suggestive of a potentially important
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public health benefit with a reduction in cleft incidence following the implementation of the
2007 smoke-free legislation in England, Wales, and Northern Ireland, but this was not repli-
cated in data from Scotland. The findings from this study can be triangulated with previous
observational studies to expand and strengthen our knowledge of the modifiable influences on
OFC aetiology. Replication of this study within different populations would provide additional
confidence for the inferences described [9]. In addition, alternative approaches, such as utilisa-
tion of instrumental variables in a Mendelian Randomisation design, are required to further
supplement and overcome the limitation of traditional methods.

Supporting information

S1 Appendix. Projections of orofacial cleft incidence.
(DOCX)

S$2 Appendix. Data set.
(XLSX)

S3 Appendix. R code.
(R)

S4 Appendix. Natural experiment sensitivity analyses.
(DOCX)

S5 Appendix. Threats to external validity in the natural experiment.
(DOCX)

S$6 Appendix. Association between the incidence of orofacial cleft subtypes and active
smoking prevalence.
(DOCX)

Acknowledgments

Lyndsay Kirk for her work amalgamating the clinical database of the National Cleft Service for
Scotland.

Author Contributions
Conceptualization: Matthew Fell, Jonathan Sandy, Andrew Wills, Sarah J. Lewis.

Data curation: Matthew Fell, Craig Russell, Jibby Medina, Toby Gillgrass, Jonathan Sandy,
Sarah J. Lewis.

Formal analysis: Matthew Fell, Craig Russell, Toby Gillgrass, Shaheel Chummun, Alistair R.
M. Cobb, Jonathan Sandy, Yvonne Wren, Andrew Wills, Sarah J. Lewis.

Funding acquisition: Matthew Fell, Yvonne Wren, Sarah J. Lewis.

Investigation: Matthew Fell, Craig Russell, Jibby Medina, Jonathan Sandy, Andrew Wills,
Sarah J. Lewis.

Methodology: Matthew Fell, Craig Russell, Shaheel Chummun, Alistair R. M. Cobb, Jonathan
Sandy, Yvonne Wren, Andrew Wills, Sarah J. Lewis.

Project administration: Matthew Fell, Sarah J. Lewis.
Resources: Matthew Fell, Andrew Wills.
Software: Matthew Fell.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 13/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259820.s006
https://doi.org/10.1371/journal.pone.0259820

PLOS ONE

Cigarette smoke exposure and orofacial cleft incidence in the UK

Supervision: Craig Russell, Jibby Medina, Toby Gillgrass, Shaheel Chummun, Alistair R. M.

Cobb, Jonathan Sandy, Yvonne Wren, Andrew Wills, Sarah J. Lewis.

Validation: Matthew Fell, Craig Russell, Jonathan Sandy, Andrew Wills, Sarah J. Lewis.

Visualization: Matthew Fell, Jonathan Sandy, Andrew Wills, Sarah J. Lewis.

Writing - original draft: Matthew Fell.

Writing - review & editing: Matthew Fell, Craig Russell, Jibby Medina, Toby Gillgrass, Sha-

heel Chummun, Alistair R. M. Cobb, Jonathan Sandy, Yvonne Wren, Andrew Wills, Sarah
J. Lewis.

References

1.

10.

11.

12

13.

14.

15.

16.

Mossey PA, Little J, Munger RG, et al. Cleft lip and palate. Lancet. 2009; 374: 1773-1785. https://doi.
org/10.1016/S0140-6736(09)60695-4 PMID: 19747722

Raut JR, Simeone RM, Tinker Sc, et al. Proportion of Orofacial Clefts Attributable to Recognized Risk
Factors. Cleft Palate Craniofac J. 2019; 56: 151-158. https://doi.org/10.1177/1055665618774019
PMID: 29727221

United States Department of Health and Human Services. The Health Consequences of Smoking—50
Years of Progress A Report of the Surgeon General. 2014. Atlanta, GA. National Center for Chronic Dis-
ease Prevention and Health Promotion, Office on Smoking and Health.

Fell M, Dack K, Chummun S, et al. Maternal cigarette smoking and cleft lip and palate: A systematic
review and meta-analysis. Cleft Palate Craniofac J. 2021; Epub ahead of print. https://doi.org/10.1101/
2021.06.10.21258688 PMID: 34569861

Sabbagh HJ, Hassan MHA, Innes NPT et al. Passive smoking in the etiology of non-syndromic orofacial
clefts: A systematic review and meta-analysis. PLoS One. 2015; 10: e0116963. https://doi.org/10.1371/
journal.pone.0116963 PMID: 25760440

Zheng Z, Xie GH, Yang T, et al. Congenital malformations are associated with secondhand smoke
among nonsmoking women: A meta-analysis. Birth. 2019; 46: 222—233. https://doi.org/10.1111/birt.
12401 PMID: 30284325

Pearce N, Vandenbroucke JP, Lawlor DA. Causal Inference in Environmental Epidemiology: Old and
New Approaches. Epidemiology. 2019; 30: 311-316. https://doi.org/10.1097/EDE.0000000000000987
PMID: 30789434

Hategeka C, Ruton H, Karamouzian M, et al. Use of interrupted time series methods in the evaluation of
health system quality improvement interventions: A methodological systematic review. BMJ Glob
Health. 2020; 5: e003567. https://doi.org/10.1136/bmjgh-2020-003567 PMID: 33055094

Craig P, Cooper C, Gunnell, et al. Using natural experiments to evaluate population health interven-
tions: New medical research council guidance. J Epidemiol Community Health. 2012; 66: 1182—1186.
https://doi.org/10.1136/jech-2011-200375 PMID: 22577181

Lawlor DA, Tilling K, Smith GD. Triangulation in aetiological epidemiology. Int J Epidemiol. 2016; 45:
1866—1886. https://doi.org/10.1093/ije/dyw314 PMID: 28108528

Bille C, Knudsen LB, Christensen K. Changing lifestyles and oral clefts occurrence in Denmark. Cleft
Palate Craniofac J. 2005; 42: 255-259. https://doi.org/10.1597/03-139.1 PMID: 15865458

Fitzsimons KJ, Mukarram S, Copley LP, et al. Centralisation of services for children with cleft lip or pal-
ate in England: A study of hospital episode statistics. BMC Health Serv Res. 2012; 12: 148. https://doi.
org/10.1186/1472-6963-12-148 PMID: 22682355

Cleft Registry and Audit NEtwork. CRANE Database 2020 Annual Report. Available at: https://www.
crane-database.org.uk/reports/crane-database-2020-annual-report/. Accessed June 2021.

Sandy J, Williams A, Mildinhall S, et al. The Clinical Standards Advisory Group (CSAG) Cleft Lip and
Palate Study. Br J Orthod. 1998; 25: 21-30. https://doi.org/10.1093/ortho/25.1.21 PMID: 9547971

UK Government. Smoke-free generation: tobacco control plan for England. Published July 18, 2017
[Cited 2021 July 19]. Available at: https://www.gov.uk/government/publications/towards-a-smoke-free-
generation-tobacco-control-plan-for-england.

Frazer K, Callinan JE, McHugh J, et al. Legislative smoking bans for reducing harms from secondhand
smoke exposure, smoking prevalence and tobacco consumption. Cochrane Database Syst Rev. 2016;
2: CD005992 https://doi.org/10.1002/14651858.CD005992.pub3 PMID: 26842828

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 14/18


https://doi.org/10.1016/S0140-6736(09)60695-4
https://doi.org/10.1016/S0140-6736(09)60695-4
http://www.ncbi.nlm.nih.gov/pubmed/19747722
https://doi.org/10.1177/1055665618774019
http://www.ncbi.nlm.nih.gov/pubmed/29727221
https://doi.org/10.1101/2021.06.10.21258688
https://doi.org/10.1101/2021.06.10.21258688
http://www.ncbi.nlm.nih.gov/pubmed/34569861
https://doi.org/10.1371/journal.pone.0116963
https://doi.org/10.1371/journal.pone.0116963
http://www.ncbi.nlm.nih.gov/pubmed/25760440
https://doi.org/10.1111/birt.12401
https://doi.org/10.1111/birt.12401
http://www.ncbi.nlm.nih.gov/pubmed/30284325
https://doi.org/10.1097/EDE.0000000000000987
http://www.ncbi.nlm.nih.gov/pubmed/30789434
https://doi.org/10.1136/bmjgh-2020-003567
http://www.ncbi.nlm.nih.gov/pubmed/33055094
https://doi.org/10.1136/jech-2011-200375
http://www.ncbi.nlm.nih.gov/pubmed/22577181
https://doi.org/10.1093/ije/dyw314
http://www.ncbi.nlm.nih.gov/pubmed/28108528
https://doi.org/10.1597/03-139.1
http://www.ncbi.nlm.nih.gov/pubmed/15865458
https://doi.org/10.1186/1472-6963-12-148
https://doi.org/10.1186/1472-6963-12-148
http://www.ncbi.nlm.nih.gov/pubmed/22682355
https://www.crane-database.org.uk/reports/crane-database-2020-annual-report/
https://www.crane-database.org.uk/reports/crane-database-2020-annual-report/
https://doi.org/10.1093/ortho/25.1.21
http://www.ncbi.nlm.nih.gov/pubmed/9547971
https://www.gov.uk/government/publications/towards-a-smoke-free-generation-tobacco-control-plan-for-england
https://www.gov.uk/government/publications/towards-a-smoke-free-generation-tobacco-control-plan-for-england
https://doi.org/10.1002/14651858.CD005992.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26842828
https://doi.org/10.1371/journal.pone.0259820

PLOS ONE

Cigarette smoke exposure and orofacial cleft incidence in the UK

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sims M, Mindell JS, Jarvis MJ, et al. Did smokefree legislation in England reduce exposure to second-
hand smoke among nonsmoking adults? Cotinine analysis from the Health Survey for England. Environ
Health Perspect. 2012; 120: 425-430. https://doi.org/10.1289/ehp.1103680 PMID: 22169225

Semple S, van Tongeren M, Galea KS, et al. UK smoke-free legislation: Changes in PM 2.5 concentra-
tions in bars in Scotland, England, and Wales. Ann Occup Hyg. 2010: 54: 272—-280. https://doi.org/10.
1093/annhyg/mep094 PMID: 20172917

Dufault B, Klar N. The quality of modern cross-sectional ecologic studies: A bibliometric review. Am
J Epidemiol. 2011; 174: 1101-1107. https://doi.org/10.1093/aje/kwr241 PMID: 21940800

Medical Research Council. Using natural experiments to evaluate population health interventions: guid-
ance for producers and users of evidence. [Cited 2021 July 19]. Available at: https://mrc.ukri.org/
documents/pdf/natural-experiments-guidance/.

von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) Statement: Guidelines for reporting observational studies. Int J Surg. 2014; 12:
1495-1459. https://doi.org/10.1016/}.ijsu.2014.07.013 PMID: 25046131

Xuan Z, Zhongpeng Y, Yanjun G, et al. Maternal active smoking and risk of oral clefts: a meta-analysis.
Oral Surg Oral Med Oral Pathol Oral Radiol. 2016; 122: 680-690. https://doi.org/10.1016/j.0000.2016.
08.007 PMID: 27727103

Little J, Cardy A, Munger RG. Tobacco smoking and oral clefts: A meta-analysis. Bull World Health
Organ. 2004; 82: 213-218. PMID: 15112010

Cleft Registry and Audit NEtwork. CRANE Database 2015 Annual Report. [Cited 2021 July 19]. Avail-
able at: https://www.crane-database.org.uk/reports/?filter_date=2015.

Kriens O. Lahshal: A concise documentation system for cleft lip, alveolus and palate diagnoses. In:
Kriens O, eds. What is Cleft Lip and Palate? A Multidisciplinary Update Workshop. Bremen. Thieme,
1987. PMID: 3484160

UK Office for National Statistics. Data from: Births in England and Wales: summary tables 2019. [Cited
2021 July 19]. https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/
livebirths/datasets/birthsummarytables.

Northern Ireland Statistics and Research Agency. Data from: Birth Statistics 1887—2019. [Cited 2021
July 19]. https://www.nisra.gov.uk/publications/birth-statistics.

Public Health Scotland. Data from: Births in Scottish Hospitals 2018/19; Table 1: NRS vSMRO02. [Cited
2021 July 19]. https://www.isdscotland.org/Health-Topics/Maternity-and-Births/Births/.

National Records of Scotland. Data from: Vital Events—Births 2019. [Cited 2021 July 19]. https://www.
nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/
vital-events-reference-tables/2019/list-of-data-tables#section3.

Dixon MJ, Marazita ML, Beaty TH, et al. Cleft lip and palate: Understanding genetic and environmental
influences. Nat Rev Genet. 2011; 12: 167-178. https://doi.org/10.1038/nrg2933 PMID: 21331089

Jiang R, Bush JO, Lidral AC. Development of the upper lip: Morphogenetic and molecular mechanisms.
Dev Dyn. 2006; 235: 1152—1166. https://doi.org/10.1002/dvdy.20646 PMID: 16292776

Bush JO, Jiang R. Palatogenesis: Morphogenetic and molecular mechanisms of secondary palate
development. Development. 2012; 139: 231-243. https://doi.org/10.1242/dev.067082 PMID: 22186724

Dhalwani NN, Tata LJ, Coleman T, et al. A comparison of UK primary care data with other national data
sources for monitoring the prevalence of smoking during pregnancy. J Public Health (Oxf). 2015; 37:
547-554. https://doi.org/10.1093/pubmed/fdu060 PMID: 25336275

UK Office for National Statistics. Data from: Adult smoking habits in Great Britain 2019. [Cited 2021 July
19]. https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/
drugusealcoholandsmoking/datasets/adultsmokinghabitsingreatbritain.

UK Office for National Statistics. Annual Population Survey. [Cited 2021 July 19]. Available at: https://
www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/
methodologies/annualpopulationsurveyapsgmi.

Public Health Scotland. Births in Scottish Hospitals 2018/19; Table 3: Maternal Smoking. [Cited 2021
July 19]. https://www.isdscotland.org/Health-Topics/Maternity-and-Births/Births/.

Bille C, Skytthe A, Vach W, et al. Parent’s age and the risk of oral clefts. Epidemiology. 2005; 16: 311—
316. https://doi.org/10.1097/01.ede.0000158745.84019.c2 PMID: 15824545

Molina-Solana R, Yafiez-Vico RM, Iglesias-Linares A, et al. Current concepts on the effect of environ-
mental factors on cleft lip and palate. Int J Oral Maxillofac Surg. 2013; 42: 177—184. https://doi.org/10.
1016/j.ijlom.2012.10.008 PMID: 23228693

Izedonmwen OM, Cunningham C Macfarlane TV. What is the Risk of Having Offspring with Cleft Lip/
Palate in Pre-Maternal Obese/Overweight Women When Compared to Pre-Maternal Normal Weight

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 15/18


https://doi.org/10.1289/ehp.1103680
http://www.ncbi.nlm.nih.gov/pubmed/22169225
https://doi.org/10.1093/annhyg/mep094
https://doi.org/10.1093/annhyg/mep094
http://www.ncbi.nlm.nih.gov/pubmed/20172917
https://doi.org/10.1093/aje/kwr241
http://www.ncbi.nlm.nih.gov/pubmed/21940800
https://mrc.ukri.org/documents/pdf/natural-experiments-guidance/
https://mrc.ukri.org/documents/pdf/natural-experiments-guidance/
https://doi.org/10.1016/j.ijsu.2014.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25046131
https://doi.org/10.1016/j.oooo.2016.08.007
https://doi.org/10.1016/j.oooo.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27727103
http://www.ncbi.nlm.nih.gov/pubmed/15112010
https://www.crane-database.org.uk/reports/?filter_date=2015
http://www.ncbi.nlm.nih.gov/pubmed/3484160
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthsummarytables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthsummarytables
https://www.nisra.gov.uk/publications/birth-statistics
https://www.isdscotland.org/Health-Topics/Maternity-and-Births/Births/
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2019/list-of-data-tables#section3
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2019/list-of-data-tables#section3
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2019/list-of-data-tables#section3
https://doi.org/10.1038/nrg2933
http://www.ncbi.nlm.nih.gov/pubmed/21331089
https://doi.org/10.1002/dvdy.20646
http://www.ncbi.nlm.nih.gov/pubmed/16292776
https://doi.org/10.1242/dev.067082
http://www.ncbi.nlm.nih.gov/pubmed/22186724
https://doi.org/10.1093/pubmed/fdu060
http://www.ncbi.nlm.nih.gov/pubmed/25336275
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/drugusealcoholandsmoking/datasets/adultsmokinghabitsingreatbritain
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/drugusealcoholandsmoking/datasets/adultsmokinghabitsingreatbritain
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/methodologies/annualpopulationsurveyapsqmi
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/methodologies/annualpopulationsurveyapsqmi
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/methodologies/annualpopulationsurveyapsqmi
https://www.isdscotland.org/Health-Topics/Maternity-and-Births/Births/
https://doi.org/10.1097/01.ede.0000158745.84019.c2
http://www.ncbi.nlm.nih.gov/pubmed/15824545
https://doi.org/10.1016/j.ijom.2012.10.008
https://doi.org/10.1016/j.ijom.2012.10.008
http://www.ncbi.nlm.nih.gov/pubmed/23228693
https://doi.org/10.1371/journal.pone.0259820

PLOS ONE

Cigarette smoke exposure and orofacial cleft incidence in the UK

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Women? A Systematic Review and Meta-Analysis. J Oral Maxillofac Res. 2015; 6: e1. https://doi.org/
10.5037/jomr.2014.6101 PMID: 25937872

Badovinac RL, Werler MM, Williams PL, et al. Folic acid-containing supplement consumption during
pregnancy and risk for oral clefts: A meta-analysis. Birth Defects Res Part A Clin Mol Teratol. 2007; 79:
8-15. https://doi.org/10.1002/bdra.20315 PMID: 17133404

Been JV, Mackay DF, Millett, et al. Impact of smoke-free legislation on perinatal and infant mortality: A
national quasi-experimental study. Sci Rep. 2015; 5: 13020. https://doi.org/10.1038/srep13020 PMID:
26268789

Cochrane Effective Practice and Organisation of Care. Suggested risk of bias criteria for EPOC reviews
2017. [Cited 2021 July 19]. Available at: https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/
uploads/Resources-for-authors2017/suggested_risk_of_bias_criteria_for_epoc_reviews.pdf.

Wagner AK, Soumerai SB, Zhang F, et al. Segmented regression analysis of interrupted time series
studies in medication use research. J Clinl Pharm Ther. 2002; 27: 299-309. https://doi.org/10.1046/j.
1365-2710.2002.00430.x PMID: 12174032

Durbin J, Watson GS. Testing for Serial Correlation in Least Squares Regression. | Biometrika. 1950;
37:409-428. PMID: 14801065

Perperoglou A, Sauerbrei W, Abrahamowicz M, et al. A review of spline function procedures in R. BMC
Med Res Methodol. 2019; 19: 46. https://doi.org/10.1186/s12874-019-0666-3 PMID: 30841848

Miettinen OS. Proportion of disease caused or prevented by a given exposure, trait or intervention.
Am J Epidemiol. 1974; 99: 325-332. https://doi.org/10.1093/oxfordjournals.aje.a121617 PMID:
4825599

Bhaskaran K, Gasparrini A, Hajat S, et al. Time series regression studies in environmental epidemiol-
ogy. Int J Epidemiol. 2013; 42: 1187—-1195. https://doi.org/10.1093/ije/dyt092 PMID: 23760528

Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the evaluation of public
health interventions: A tutorial. Int J Epidemiol. 2017; 46: 348—355. https://doi.org/10.1093/ije/dyw098
PMID: 27283160

Pearce N. The ecological fallacy strikes back. J Epidemiol Community Health. 2000; 54: 326-327.
https://doi.org/10.1136/jech.54.5.326 PMID: 10814650

Craig P, Katikireddi SV, Leyland A, et al. Natural Experiments: An Overview of Methods, Approaches,
and Contributions to Public Health Intervention Research. Annu Rev Public Health. 2017; 38: 39-56.
https://doi.org/10.1146/annurev-publhealth-031816-044327 PMID: 28125392

Zhang F, Wagner AK, Ross-Degnan D. Simulation-based power calculation for designing interrupted
time series analyses of health policy interventions. J Clin Epidemiol. 2011; 64: 1252—1261. https://doi.
org/10.1016/j.jclinepi.2011.02.007 PMID: 21640554

Greenland S. Ecologic versus individual-level sources of bias in ecologic estimates of contextual health
effects. Int J Epidemiol. 2001; 30: 1343—1350. https://doi.org/10.1093/ije/30.6.1343 PMID: 11821344

Adda J, Cornaglia F. The effect of bans and taxes on passive smoking. Am Econ J Appl Econ. 2010; 2:
1-32.

Millett C, Lee JT, Gibbons DC, et al. Increasing the age for the legal purchase of tobacco in England:
Impacts on socio-economic disparities in youth smoking. Thorax. 2011; 66: 862—865. https://doi.org/10.
1136/thx.2010.154963 PMID: 21502102

Rushmer RK, Cheetham M, Cox L, et al. Research utilisation and knowledge mobilisation in the
commissioning and joint planning of public health interventions to reduce alcohol-related harms: a quali-
tative case design using a cocreation approach. Southampton (UK): NIHR Journals Library;2015. [Cited
2021 July 19].

Kontopantelis E, Doran T, Springate DA, et al. Regression based quasi-experimental approach when
randomisation is not an option: Interrupted time series analysis. BMJ. 2015; 350: h2750. https://doi.org/
10.1136/bmj.h2750 PMID: 26058820

Clark J, Mossey RP, Sharp RL, et al. Socioeconomic Status and Orofacial Clefts in Scotland, 1989 to
1998. Cleft Palate Craniofac J. 2003; 40: 481-485. https://doi.org/10.1597/1545-1569_2003_040_
0481_ssaoci_2.0.co_2 PMID: 12943441

Parmar D, Stavropoulou C, loannidis JPA. Health outcomes during the 2008 financial crisis in Europe:
Systematic literature review. BMJ. 2016; 354: i4588. https://doi.org/10.1136/bm;.i4588 PMID: 27601477

loannidis JPA. Why most published research findings are false. PLoS Med. 2005; 2: e124. https://doi.
org/10.1371/journal.pmed.0020124 PMID: 16060722

Cochrane Effective Practice and Organisation of Care. What study designs should be included in an
EPOC review and what should they be called. [Cited 2021 July 19]. Available at: https://epoc.cochrane.
org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/what_study_designs_
should_be_included_in_an_epoc_review.pdf.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 16/18


https://doi.org/10.5037/jomr.2014.6101
https://doi.org/10.5037/jomr.2014.6101
http://www.ncbi.nlm.nih.gov/pubmed/25937872
https://doi.org/10.1002/bdra.20315
http://www.ncbi.nlm.nih.gov/pubmed/17133404
https://doi.org/10.1038/srep13020
http://www.ncbi.nlm.nih.gov/pubmed/26268789
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/suggested_risk_of_bias_criteria_for_epoc_reviews.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/suggested_risk_of_bias_criteria_for_epoc_reviews.pdf
https://doi.org/10.1046/j.1365-2710.2002.00430.x
https://doi.org/10.1046/j.1365-2710.2002.00430.x
http://www.ncbi.nlm.nih.gov/pubmed/12174032
http://www.ncbi.nlm.nih.gov/pubmed/14801065
https://doi.org/10.1186/s12874-019-0666-3
http://www.ncbi.nlm.nih.gov/pubmed/30841848
https://doi.org/10.1093/oxfordjournals.aje.a121617
http://www.ncbi.nlm.nih.gov/pubmed/4825599
https://doi.org/10.1093/ije/dyt092
http://www.ncbi.nlm.nih.gov/pubmed/23760528
https://doi.org/10.1093/ije/dyw098
http://www.ncbi.nlm.nih.gov/pubmed/27283160
https://doi.org/10.1136/jech.54.5.326
http://www.ncbi.nlm.nih.gov/pubmed/10814650
https://doi.org/10.1146/annurev-publhealth-031816-044327
http://www.ncbi.nlm.nih.gov/pubmed/28125392
https://doi.org/10.1016/j.jclinepi.2011.02.007
https://doi.org/10.1016/j.jclinepi.2011.02.007
http://www.ncbi.nlm.nih.gov/pubmed/21640554
https://doi.org/10.1093/ije/30.6.1343
http://www.ncbi.nlm.nih.gov/pubmed/11821344
https://doi.org/10.1136/thx.2010.154963
https://doi.org/10.1136/thx.2010.154963
http://www.ncbi.nlm.nih.gov/pubmed/21502102
https://doi.org/10.1136/bmj.h2750
https://doi.org/10.1136/bmj.h2750
http://www.ncbi.nlm.nih.gov/pubmed/26058820
https://doi.org/10.1597/1545-1569_2003_040_0481_ssaoci_2.0.co_2
https://doi.org/10.1597/1545-1569_2003_040_0481_ssaoci_2.0.co_2
http://www.ncbi.nlm.nih.gov/pubmed/12943441
https://doi.org/10.1136/bmj.i4588
http://www.ncbi.nlm.nih.gov/pubmed/27601477
https://doi.org/10.1371/journal.pmed.0020124
https://doi.org/10.1371/journal.pmed.0020124
http://www.ncbi.nlm.nih.gov/pubmed/16060722
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/what_study_designs_should_be_included_in_an_epoc_review.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/what_study_designs_should_be_included_in_an_epoc_review.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/what_study_designs_should_be_included_in_an_epoc_review.pdf
https://doi.org/10.1371/journal.pone.0259820

PLOS ONE

Cigarette smoke exposure and orofacial cleft incidence in the UK

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

IPDTOC Working Group. Prevalence at birth of cleft lip with or without cleft palate: Data from the Inter-
national Perinatal Database of Typical Oral Clefts (IPDTOC). Cleft Palate Craniofac J. 2011; 48: 66—81.
https://doi.org/10.1597/09-217 PMID: 20507242

Lowry RB, Trimble BK. Incidence rates for cleft lip and palate in British Columbia 1952-71 for North
American Indian, Japanese, Chinese and total populations: Secular trends over twenty years. Teratol-
ogy. 1977; 16: 277—-283. https://doi.org/10.1002/tera.1420160306 PMID: 594911

Paaske EB, Garne E. Epidemiology of orofacial clefts in a Danish county over 35 years—Before and
after implementation of a prenatal screening programme for congenital anomalies. Eur J Med Genet.
2018; 61: 489-492. https://doi.org/10.1016/j.ejmg.2018.05.016 PMID: 29753919

Kozelj V. Epidemiology of orofacial clefts in Slovenia, 1973—1993: Comparison of the incidence in six
European countries. J Craniomaxillofac Surg. 1996; 24: 378-382. https://doi.org/10.1016/s1010-5182
(96)80040-0 PMID: 9032607

Chang WJ, See LC, Lo LJ. Time trend of incidence rates of cleft lip/palate in Taiwan from 1994 to 2013.
Biomed J. 2016; 39: 150—154. https://doi.org/10.1016/}.bj.2015.10.003 PMID: 27372171

Abreu MHNG, Lee KH, Luquetti DV, et al. Temporal trend in the reported birth prevalence of cleft lip
and/or cleft palate in Brazil, 2000 to 2013. Birth Defects Res A Clin Mol Teratol. 2016; 106: 789-792.
https://doi.org/10.1002/bdra.23528 PMID: 27256471

Alonso RRH, Brigetty GPS. Analysis of the Prevalence and Incidence of Cleft Lip and Palate in Colom-
bia. Cleft Palate Craniofac J. 2020; 57: 552—559. https://doi.org/10.1177/1055665619886455 PMID:
31795734

Kozelj V, Vegnuti M. Time series analysis of births of children with orofacial clefts. J Craniomaxillofac
Surg. 2000; 28: 201-203. https://doi.org/10.1054/jcms.2000.0150 PMID: 11110150

Peng RD, Dominici F, Louis TA. Model choice in time series studies of air pollution and mortality. J R
Statist Soc A. 2006; 169: 179-203.

Touloumi G, Samoli E, Pipikou M, et al. Seasonal confounding in air pollution and health time-series
studies: Effect on air pollution effect estimates. Stat Med. 2006; 25: 4164—4178. https://doi.org/10.1002/
sim.2681 PMID: 16991105

Bille C, Knudsen LB, Christensen K. Changing lifestyles and oral clefts occurrence in Denmark. Cleft
Palate Craniofac J. 2005; 42: 255-259. https://doi.org/10.1597/03-139.1 PMID: 15865458

Hawkins SS, Baum CF. Impact of state tobacco control policies on birth defects. Prev Med. 2019; 127:
105791. https:/doi.org/10.1016/j.ypmed.2019.105791 PMID: 31398414

Robinson M, Geue C, Lewsey, et al. Evaluating the impact of the alcohol act on off-trade alcohol sales:
A natural experiment in Scotland. Addiction. 2014; 109: 2035-2043. https://doi.org/10.1111/add.12701
PMID: 25099127

Lopez Bernal JA, Gasparrini A, Artundo CM, et al. The effect of the late 2000s financial crisis on suicides
in Spain: An interrupted time-series analysis. Eur J Public Health. 2013; 23: 732-736. https://doi.org/10.
10983/eurpub/ckt083 PMID: 23804080

Susser ES, Lin SP. Schizophrenia After Prenatal Exposure to the Dutch Hunger Winter of 1944—1945.
Arch Gen Psychiatry. 1992; 49: 983-988. https://doi.org/10.1001/archpsyc.1992.01820120071010
PMID: 1449385

Ayres JG, Semple S, MacCalman L, et al. Bar workers’ health and environmental tobacco smoke expo-
sure (BHETSE): Symptomatic improvement in bar staff following smoke-free legislation in Scotland.
Occup Environ Med. 2009; 66: 339-346. https://doi.org/10.1136/0em.2008.040311 PMID: 19208693

Sims M, Maxwell R, Bauld L, et al. A. Short term impact of smoke-free legislation in England: Retrospec-
tive analysis of hospital admissions for myocardial infarction. BMJ. 2010: 340: c2161. https://doi.org/10.
1136/bmj.c2161 PMID: 20530563

Mackay D, Haw S, Ayres JG, et al. Smoke-free Legislation and Hospitalizations for Childhood Asthma.
N Eng J Med. 2010; 363: 1139—1145. https://doi.org/10.1056/NEJMoa1002861 PMID: 20843248

Mackay DF, Irffan MO, Haw S, et al. Meta-analysis of the effect of comprehensive smoke-free legislation
on acute coronary events. Heart. 2010; 96: 1525-1530. https://doi.org/10.1136/hrt.2010.199026 PMID:
20736203

Mackay DF, Nelson SM, Haw SJ, et al. Impact of Scotland’s smoke-free legislation on pregnancy com-
plications: Retrospective cohort study. PLoS Med. 2012; 9: e1001175. https://doi.org/10.1371/journal.
pmed.1001175 PMID: 22412353

Peelen MJ, Sheikh A, Kok M, et al. Tobacco control policies and perinatal health: A national quasi-
experimental study. Sci Rep 2016; 6:23907. https://doi.org/10.1038/srep23907 PMID: 27103591

Been JV, Nurmatov UB, Cox B, et al. Effect of smoke-free legislation on perinatal and child health: A
systematic review and meta-analysis. Lancet. 2014; 383: 1549—1560. https://doi.org/10.1016/S0140-
6736(14)60082-9 PMID: 24680633

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 17/18


https://doi.org/10.1597/09-217
http://www.ncbi.nlm.nih.gov/pubmed/20507242
https://doi.org/10.1002/tera.1420160306
http://www.ncbi.nlm.nih.gov/pubmed/594911
https://doi.org/10.1016/j.ejmg.2018.05.016
http://www.ncbi.nlm.nih.gov/pubmed/29753919
https://doi.org/10.1016/s1010-5182(96)80040-0
https://doi.org/10.1016/s1010-5182(96)80040-0
http://www.ncbi.nlm.nih.gov/pubmed/9032607
https://doi.org/10.1016/j.bj.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27372171
https://doi.org/10.1002/bdra.23528
http://www.ncbi.nlm.nih.gov/pubmed/27256471
https://doi.org/10.1177/1055665619886455
http://www.ncbi.nlm.nih.gov/pubmed/31795734
https://doi.org/10.1054/jcms.2000.0150
http://www.ncbi.nlm.nih.gov/pubmed/11110150
https://doi.org/10.1002/sim.2681
https://doi.org/10.1002/sim.2681
http://www.ncbi.nlm.nih.gov/pubmed/16991105
https://doi.org/10.1597/03-139.1
http://www.ncbi.nlm.nih.gov/pubmed/15865458
https://doi.org/10.1016/j.ypmed.2019.105791
http://www.ncbi.nlm.nih.gov/pubmed/31398414
https://doi.org/10.1111/add.12701
http://www.ncbi.nlm.nih.gov/pubmed/25099127
https://doi.org/10.1093/eurpub/ckt083
https://doi.org/10.1093/eurpub/ckt083
http://www.ncbi.nlm.nih.gov/pubmed/23804080
https://doi.org/10.1001/archpsyc.1992.01820120071010
http://www.ncbi.nlm.nih.gov/pubmed/1449385
https://doi.org/10.1136/oem.2008.040311
http://www.ncbi.nlm.nih.gov/pubmed/19208693
https://doi.org/10.1136/bmj.c2161
https://doi.org/10.1136/bmj.c2161
http://www.ncbi.nlm.nih.gov/pubmed/20530563
https://doi.org/10.1056/NEJMoa1002861
http://www.ncbi.nlm.nih.gov/pubmed/20843248
https://doi.org/10.1136/hrt.2010.199026
http://www.ncbi.nlm.nih.gov/pubmed/20736203
https://doi.org/10.1371/journal.pmed.1001175
https://doi.org/10.1371/journal.pmed.1001175
http://www.ncbi.nlm.nih.gov/pubmed/22412353
https://doi.org/10.1038/srep23907
http://www.ncbi.nlm.nih.gov/pubmed/27103591
https://doi.org/10.1016/S0140-6736(14)60082-9
https://doi.org/10.1016/S0140-6736(14)60082-9
http://www.ncbi.nlm.nih.gov/pubmed/24680633
https://doi.org/10.1371/journal.pone.0259820

PLOS ONE

Cigarette smoke exposure and orofacial cleft incidence in the UK

83.

84.

85.

86.

87.

Vieira AR, Dattilo S. Oxygen, Left/Right Asymmetry, and Cleft Lip and Palate. J Craniofac Surg. 2018;
29: 396-399. https://doi.org/10.1097/SCS.0000000000004080 PMID: 29077685

Lebby KD, Tan F, Brown CP. Maternal factors and disparities associated with oral clefts. Ethn Dis.
2010; 20: S1-146-149. PMID: 20521404

National Health Service Digital. Health Survey for England 2019. [Cited 2021 July 19]. Available at:
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2019.

Scottish Government. Scottish Health Survey 2019. [Cited 2021 July 19]Available at: https://www.gov.
scot/collections/scottish-health-survey/.

Sharp GC, Ho K, Davies A, et al. Distinct DNA methylation profiles in subtypes of orofacial cleft. Clin
Epigenetics. 2017; 9: 63. https://doi.org/10.1186/s13148-017-0362-2 PMID: 28603561

PLOS ONE | https://doi.org/10.1371/journal.pone.0259820 November 24, 2021 18/18


https://doi.org/10.1097/SCS.0000000000004080
http://www.ncbi.nlm.nih.gov/pubmed/29077685
http://www.ncbi.nlm.nih.gov/pubmed/20521404
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2019
https://www.gov.scot/collections/scottish-health-survey/
https://www.gov.scot/collections/scottish-health-survey/
https://doi.org/10.1186/s13148-017-0362-2
http://www.ncbi.nlm.nih.gov/pubmed/28603561
https://doi.org/10.1371/journal.pone.0259820

