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ABSTRACT

Background: Smoking in pregnancy is the most significant preventable cause of
poor health outcomes for women and their babies and, therefore, is a major
public health concern. In the UK there is a wide range of interventions and
support for pregnant women who want to quit. One of these is nicotine
replacement therapy (NRT) which has been widely available for retail purchase
and prescribing to pregnant women since 2005. However, measures of NRT
prescribing in pregnant women are scarce. These measures are vital to assess
its usefulness in smoking cessation during pregnancy at a population level.
Furthermore, evidence of NRT safety in pregnancy for the mother and child’s
health so far is nebulous, with existing studies being small or using

retrospectively reported exposures.

Aims and Objectives: The main aim of this work was to assess population-
level estimates of maternal smoking and NRT prescribing in pregnancy and the
safety of NRT for both the mother and the child in the UK. Currently, the only
population-level data on UK maternal smoking are from repeated cross-sectional
surveys or routinely collected maternity data during pregnancy or at delivery.
These obtain information at one point in time, and there are no population-level
data on NRT use available. As a novel approach, therefore, this thesis used the
routinely collected primary care data that are currently available for
approximately 6% of the UK population and provide longitudinal/prospectively
recorded information throughout pregnancy. The specific objectives for this
thesis were:
e To assess the quality of smoking data recorded during pregnancy in primary
care
e To quantify annual NRT prescribing trends in and around pregnancy and

describe the characteristics of mothers prescribed NRT



e To assess the association between NRT and smoking exposure during
pregnancy and major congenital anomalies (MCAs), stillbirth, low birth

weight and mode of delivery

Methods: All women aged 15-49 years, with pregnancies ending in live or
stillbirth, were identified from The Health Improvement Network (THIN) primary
care database (2000-2009). Medical Read codes related to smoking status and
Multilex smoking cessation drug prescription codes were used to extract data on
women’s smoking status and NRT prescriptions. The proportion of pregnancies
with a smoking status record was calculated and logistic regression was used to
assess how this varied by women’s characteristics. Women were categorised as
being smokers or non-smokers during pregnancy based on the recorded Read
codes. Where smoking data were missing during pregnancy, smoking status
recorded before pregnancy (up to 27 months before pregnancy, ever before
preghancy) was used as a proxy for smoking status during pregnancy. Annual
smoking measures from THIN were then compared to other national datasets.
Pregnancies ending in early fetal losses were not included for calculating
smoking prevalence, as these outcomes can go unrecognised or can be the first
recognised sign of pregnancy, making early ascertainment of all pregnancies
uncomprehensive; this was also broadly in line with pregnancy ascertainment in
the other national datasets. Prescribing prevalence of NRT and patterns of
prescribing in terms of frequency, timing and different form of NRT were
assessed. Logistic regression was used to assess women'’s likelihood of receiving
NRT prescriptions by maternal characteristics. Absolute and relative risks (99%
Confidence Interval (CI)) for four birth outcomes (MCAs, stillbirth, low birth
weight and mode of delivery) were calculated for women prescribed NRT
(defined as the NRT group) and women who continued to smoke during
pregnhancy (defined as smokers) compared to women who did not smoke during

pregnancy (defined as non-smokers) with appropriate adjustments for potential



confounders. To assess MCAs and birth weight in relation to NRT and smoking a
restricted cohort of children was used who had maternal-child linked records in

THIN.

Results: There were 277,552 pregnancies in 215,703 women, of which 28%
had a gestational smoking status record. In 2000, smoking status was recorded
in 9% of pregnancies; 43% in 2009. Smoking estimates from THIN data did not
completely agree with estimates from other sources. For example, in 2009
smoking prevalence was 12.9% in THIN, compared to 19.5% in Child Health
Systems Programme (CHSP) data. However, the use of smoking data recorded
up to 27 months before conception increased the THIN prevalence to 22.9%,

which was slightly higher, but compared better with the CHSP estimates.

NRT was prescribed in 4,826 pregnancies for an average duration of 2 weeks
(Interquartile range 1-2 weeks), which represented 2% of all pregnancies (11%
in smokers). NRT prescribing prevalence before and after pregnancy was half the
prevalence during pregnancy. NRT prescribing increased with socioeconomic
deprivation (Odds Ratio (OR) =1.33, 95% CI 1.14-1.52) for the most compared
to the least deprived group). Prescribing was higher in pregnant smokers with
asthma (OR=1.34, 95% CI 1.21-1.50) and mental illness (OR=1.29, 95% CI

1.18-1.43) compared to smokers without these diagnoses.

The absolute risk of MCA was 279/10,000 live births. Compared with non-
smokers the adjusted OR for MCA in the NRT group was 1.34 (99% CI 0.94-
1.91). No statistically significant increase in the risk of MCA for the NRT group
was found when the reference group was changed to smokers (OR=1.35, 99%
CI 0.94-1.93).The absolute risk of stillbirth was 4/1000 live and stillbirths.
Compared with non-smokers the adjusted OR for stillbirth in the NRT group was
1.19 (99% CI 0.47-3.01). In smokers, the risk of stillbirth increased by 27%

compared to non-smokers (OR 1.27, 99% CI 1.01-1.60). The mean birth weight



was 3.41kg (standard deviation 0.59) and the absolute risk of low birth weight
was 6.4%. Compared to non-smokers, the risk of women having low birth
weight babies was 93% higher in the NRT group (OR 1.93, 99% CI 1.48-2.53).
However, there was no statistically significant increase in the risk of low birth
weight in the NRT group compared with smokers. There was no increased risk of
assisted delivery or caesarean section in the NRT group compared to smokers.
However the risk of assisted delivery decreased by 25% in the NRT group

(Relative Risk Ratio 0.75, 99% CI 0.60-0.93) compared to non-smokers.

Conclusion: The completeness of smoking status recording during pregnancy in
primary care data is improving; however, under-recording of smoking status
during pregnancy still results in unreliable estimates of the prevalence of
smoking in pregnancy and needs improvement. Pre-conception smoking records
are reasonably complete and it is possible that low recording in pregnancy is
because a woman’s smoking status has not changed or that increased
interaction with other health services, such as midwifery, during pregnancy
means women are less likely to be asked about their smoking by their primary
physician and information on their smoking does not get relayed back to their
primary care record. Nevertheless records should be updated in pregnancy to
ensure comprehensive health care. NRT was most commonly prescribed in
pregnancy for about two weeks, which may not be adequate time for effective
smoking cessation. Nevertheless, prescribing was higher during pregnancy
compared to the nine months before and after pregnancy, which makes
establishing its safety during pregnancy even more crucial. The safety studies in
this thesis did not find NRT to be any more harmful than smoking during
pregnancy if not beneficial. Considering that smoking in pregnancy remains one
of the largest public health problems in the UK, improvements of antenatal and

postnatal smoking in primary care may not only help identify women for



preventive measures earlier but would be invaluable for safety studies

considering the outcomes are rare yet severe.
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1 INTRODUCTION

1.1 HEALTH EFFECTS

Smoking in pregnancy is the most significant preventable cause of poor health
outcomes for women and their babies|*|*|Approximately one-third of all perinatal
deaths in the United Kingdom (UK) are attributable to smokingljln the United
States of America (USA) maternal smoking in pregnancy increases infant
mortality by 40% and approximately 5% of infant deaths in the USA have been
attributable to maternal smokinglj It not only affects perinatal outcomes
adversely but has also been related to problems in later childhood as discussed

below.

1.1.1 Obstetric and perinatal complications
Maternal smoking during pregnancy causes a myriad of obstetric and perinatal

complications. Some of the most important complications are discussed below.

1.1.1.1 Placental complications

Smoking during pregnancy reduces blood flow to the uteroplacental fetal unit
and results in higher frequency of placental abruptionEIAdditionaIIy, it has been
linked to placental enlargements and increased placental weight consequently
increasing the risk of placenta previale meta-analysis of 13 published studies
presented a pooled odds ratio (OR) of 1.90 (95% Confidence Interval (CI) 1.8-
2.0) for placental abruption associated with maternal smokingl]Furthermore,
data from the Swedish Medical Birth Registry including about 2 million births
reported 53% greater risk of placenta previa in smokers compared to non-

smokers in a dose-dependent mannerleigarette smoking during pregnancy is
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also an independent risk factor for pre-term premature rupture of membranes

(PPROMﬂwith a 70% increase in the risk (OR 1.70, 95% CI 1.18-2.25)|j

1.1.1.2 Low birth weight

In developed countries, maternal smoking is one of the major risk factors for low
birth weight (a birth weight of less than ZSOOﬂIjA proposed mechanism
behind this is the reduced uterine blood flow and fetal hypoxia caused by
smokingljjA study including 5,166 live births occurring in Pelotas, Brazil found
an increased risk of low birth weight associated with maternal smoking during
pregnancy (OR 1.45, 95% CI 1.30—1.95)|jA case-control study from Boston
based on 207 cases of low birth weight and 534 controls found the risk of having
low birth weight babies to be twice as high in smokers compared to non-smokers
(OR 2.1, 95% CI 1.2—3.7)|j5imi|ar effect estimates were found in another
study based on 6,284 singleton live births in Switzerlandlj Another cohort
study from the UK using the Millenium Cohort data found similar risk of low birth
weight associated with maternal smoking during pregnancy (OR 1.92, 95% CI
1.60—2.291i| More recent data from Johannesburg and Soweto report that the
birth weight of infants with smoking mothers was 165g less than of infants with
non-smoking mothersEIEven more recent data from Sweden suggest a dose
response relationship between maternal smoking and low birth weight such that
for light smokers (1-9 cigarettes per day) the birth weight of infants reduced by
162g and for heavy smokers (> 9 cigarettes per day) birth weight reduced by

226g compared to non—smokersEI

1.1.1.3 Preterm birth

In the 2010 report on global, regional and national causes of child mortality 35%
of neonatal deaths were attributable to preterm birth}“*{making it one of the
most important contributors to infant deaths worldwide|““|Cigarette smoking

during pregnancy is one of the few modifiable risk factors for preterm birth|jA
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systematic review of 20 prospective studies on maternal cigarette smoking and
preterm birth reported 27% increased risk of preterm birth associated with
gestational cigarette smoking|“*|A more recent case-control study from Italy
based on 299 cases of preterm birth found that the adjusted ORs were 1.54 and
1.69 for preterm babies and 1.90 and 2.46 for early preterm babies for 1-10
and more than 10 cigarettes/day respectivelyli'Another case-control study from
10 European countries found that the odds of preterm birth increased by 40% in

smoking mothers (OR 1.39, 95% CI 1.20-1.60)|7j|

1.1.1.4 Ectopic pregnancy

Ectopic pregnancy results when the fertilised egg is implanted outside the
uterusle meta-analysis of nine studies assessing adverse pregnancy outcomes
in relation to maternal smoking reported a pooled OR of 1.77 (95% CI 1.31-
1.22) for ectopic pregnhancy among smokersle more recent case-control study
from France including 803 cases of ectopic pregnancy and 1,633 deliveries found
a dose response relationship with quadrupling risk in women smoking =20

cigarettes per day compared to non—smokerslj

1.1.1.5 Birth defects/ congenital anomalies

Literature suggests an association between maternal smoking in pregnancy and
several major congenital anomalies (MCAs). A systematic review based on
173,687 congenital anomaly cases and 11.7 million controls demonstrated an
increased risk of heart defects (OR 1.09, 95% CI 1.02-1.17), musculoskeletal
defects (OR 1.16, 95% CI 1.05-1.27), limb defects ( OR 1.26, 95% CI 1.03-
1.73), orofacial clefts (OR 1.28, 95% CI 1.20-1.36), gastrointestinal defects (OR
1.27, 95% CI 1.18-1.36) and other defects associated with maternal smoking

but no increase in the risk of all major anomalies combined (OR 1.01, 95% CI

0.96-1.07)|7—8'|
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1.1.1.6 Stillbirth and miscarriage

Cigarette smoking during pregnancy is known to cause fetal growth restriction
leading to stillbirth. A recent meta-analysis of four studies found a 36%
increased risk of stillbirth (OR 1.36, 95% CI 1.27-1.46)|i| Another meta-
analysis of 25 observational studies reported the risk of miscarriage to be 32%
higher in women who smoke during pregnancy compared to non-smokers

(pooled O 1.32, 95% CI 1.21-1.44).Iﬂ

1.1.1.7 Caesarean section

Evidence of the relationship between maternal smoking and mode of delivery is
inconclusive to date. A cross-sectional analysis of 170,254 pregnancies delivered
in Schleswig-Holstein, Germany between 1991 and 1997 reported no statistically
significant difference in caesarean delivery between non-smokers and smokerslirl
However, a recent study conducted in Israel, including approximately 6000
pregnancies reported the risk of any operative or instrumental intervention to be

higher in smokers compared to non-smokers OR 1.24 (95% CI 1.01—1.52)|:T|

1.1.1.8 Sudden infant death syndrome (SIDS)

Published data support a dose-response relationship between maternal smoking
during pregnancy and SIDS. A systematic review of 31 studies on maternal
smoking and SIDS reported a twofold increase in the risk of SIDS associated
with maternal smoking (OR 2.06, 95% CI 1.83-2.38)|jAdditionaIly, smoking in
the postpartum period was also found to double the risk of SIDS (pooled OR
1.94, 95% CI 1.55-2.34). More recent data from another meta-analysis of 35
case-control studies reported similar risks for smoking during pregnancy (OR
2.25, 95% CI 2.03-2.50) and in the postpartum period (OR 1.97, 95% CI 1.77-
2.19) |i|The effects of cigarette smoking on cardiovascular and respiratory

systems are said to play a key role in predisposition to SIDS in infantslj
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1.1.2 Problems in early childhood and adolescence

Maternal smoking in pregnancy has also been linked to several problems for a
child’s health in early childhood and adolescence. These problems are further
aggravated by second hand smoke (SHS) exposure if the mothers continue to

smoke or relapse after delivery. Some of these problems are discussed below.

1.1.2.1 Respiratory problems

Smoking during pregnancy has been shown to reduce lung function in children.
A cohort study including 58,841 births in Finland reported 35% greater risk of
asthma in in children under the age of seven whose mothers smoked more than
10 cigarettes per day during pregnancy (OR 1.35, 95% CI 1.13-1.62) and 23%
increased risk in children whose mothers smoked less than 10 cigarettes per day
(OR 1.23, 95% CI 1.07-1.42) compared to children of non-smoking mothersle
meta-analysis of 79 observational studies assessing the association between
prenatal and passive smoke exposure on asthma and wheezing found that
maternal smoking during pregnancy increased the risk of asthma by 85%
(pooled OR 1.85, 95% CI 1.35-2.53) and the risk of wheezing by 41% (OR 1.41,
95% CI 1.19-1.67) in children <2 years. Exposure to postnatal maternal
smoking was also associated with a 70% increased risk of wheezing in children
< 2 years (OR 1.70, 95% CI 1.24-2.35) and a 21% increase in the risk of

asthma (Hazard Ratio (HR) 1.21, 95% CI 1.01-1.45)|T:|

1.1.2.2 Cancer (Leukaemia, Central nervous system tumours, lymphomas)
Leukaemia, central nervous system (CNS) tumours and lymphomas account for
more than two-thirds of all cancers diagnosed in children|”’|A meta-analysis of
30 studies on the association between maternal tobacco use during pregnancy
and childhood cancer suggested a 10% increase ( OR 1.10, 95% CI 1.03-1.19)
in all cancers however no significant associations were found for leukaemia and

CNS tumourslfIA more recent meta-analysis including a total of 6,566 patients

26



from 12 observational studies also did not show a clear association between
maternal smoking during pregnancy and development of brain tumours in
children (Risk Ratio (RR) 1.05, 95% CI 0.90-1.21)|>’|However, another meta-
analysis exploring the association between childhood lymphoma and smoking
during pregnancy found a 22% increase in the risk of non-Hodgkin lymphoma
associated with maternal smoking during pregnancy (OR 1.22, 95% CI 1.03-

1.45, n=7 studies)lj

1.1.2.3 Obesity/ Overweight

Childhood obesity has become a health concern in many countries including the
UK and the US|i|Women who smoke during pregnancy are more likely to have
babies with low birth weight. These infants often show greater ‘catch-up’ growth
resulting in childhood obesityle meta-analysis of 17 observational studies
found that babies of mothers who smoked during pregnancy were 64% more

likely to develop childhood obesity compared to babies of non-smokerslj

1.1.2.4 Ear infections

A prospective study including 8,556 pregnant women and their babies found the
prevalence of otitis media to be higher in children of mothers who smoked
during pregnancy such that children of mothers who smoked 1-9 cigarettes
during pregnancy were 60% more likely to develop acute ear infection in the
first five years of life compared to children of non-smoking mothers. In
comparison, odds ratio for developing acute ear infection is reported to be 2.6
(95% CI 1.6-4.2) and 3.3 (95% CI 1.9-5.9) in children of mothers who smoked
10-19 and more than 20 cigarettes during pregnancy respectively|™[Maternal
smoking after pregnancy has also been shown to increase the risk of middle ear

infections in children by 62% (OR 1.62, 95% CI 1.33-1.97) in a meta-analysis of
20 studiesr:l
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1.1.2.5 Cognitive and behavioural problems
Prenatal smoking exposure in children has been associated with reduced
cognitive abilities and academic achievements|™|A Swedish study on over

375,000 adolescents found that children whose mothers smoked during

pregnancy had an increased risk of poor school performance after controlling for

maternal and birth characteristics (1-9 cigarettes per day OR 1.59, 95% CI
1.55-1.63, =10 cigarettes per day OR 1.92, 95% 1.86-1.98)|jA systematic
review of studies conducted over a 30 year period between 1973 and 2002
demonstrated a link between smoking during pregnancy and attention deficit
hyperactivity disorder (ADHD) in children ﬂThe odds of developing antisocial
behaviour in children with prenatal smoking exposure are shown to be 1.5-4

4]

times greater than unexposed children Furthermore, children with prenatal

tobacco exposure have also shown to have 30-40% higher risk of psychiatric

hospitalisations for substance abuseE

1.1.2.6 Diabetes

The British National Child Development Study examined the association between

maternal smoking during pregnancy and the risk of diabetes in children and
found that the risk of type 2 diabetes in children increased by 11% (OR 1.11,
95% CI 0.31-4.04) for light smokers and quadrupled for heavy smokers (OR

4.55, 95% CI 1.82—11.36)|ir|

1.2 ECONOMIC BURDEN

Smoking during pregnancy also imposes a substantial economic burden on
society. A report by the Public Health Research Consortium (PHR) in 2010
suggested that costs to the UK National Health Services (NHS) related to
maternal outcomes associated with smoking are estimated to be between £8

million and £64 million per year based on different costing methodologies.lj
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Furthermore, costs related to infants’ increased risk of preterm delivery, low
birth weight, SIDS, perinatal mortality, asthma, otitis media, and upper and
lower respiratory infections are estimated to be between £12 million and £23.5
million per year|i|A study conducted by Petrou and colleagues (2005) in the UK
looking at the association between maternal smoking and hospital inpatient
costs in childhood found that after adjusting for clinical and socio-demographic
factors, the mean cost difference when comparing infants born to women who
smoked at least 20 cigarettes per day to infants of non-smoking mothers was
£462, over the first five years of life. When infants born to women smoking 10-
19 cigarettes per day were compared to infants of non-smoking mothers this

difference was £307E|

1.3 SMOKING IN PREGNANCY - CURRENT PREVALENCE

1.3.1 International picture

Smoking in pregnancy has become a global public health issue, especially in
developed countries. Despite the harms associated with maternal smoking
during pregnancy the prevalence of smoking during pregnancy across developed

countries still remains high with the prevalence ranging between 10-15% in

54-57

USA, Canada, Australia and Japan Within Europe, the prevalence figures

vary from low figures of <5% in Lithuania and Sweden to as high as 17% in

France|f|

1.3.2 National prevalence and trends over time in the UK

1.3.2.1 Trends over time

There are four sources in the UK which collect data on smoking in pregnancy.
Some of these cover all pregnancies whilst others collect data on a sample of
women to capture self-reported smoking status at one or more time points
during pregnancy. The Infant Feeding Survey (IFS) 2010, which randomly
samples births in the UK every 5 years and measures smoking at delivery
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retrospectively at six to eight weeks postpartum in the UK showed that 26% of
women smoked before or during pregnancy and 12% smoked throughout
pregnancy|j The Smoking at the Time of Delivery (SATOD) data, is collected in
maternity wards by midwives and measure smoking behaviour at the time of
delivery in England, reported 12.6% women to be smoking at the time of
delivery in England in 2012|_5_U'|Data from the Scottish Morbidity Records (SMR)
collected in antenatal clinics, which measure smoking at the time of first
antenatal appointment report slightly higher prevalence compared to the other
two data sources (19.3%)|j The Child Health System Programme Pre-School
component (CHSP-PS) data collected by health visitors approximately 10 days

postpartum from Scotland report similar prevalence of maternal smoking during

pregnancy (17.1%) in 2012|j

Figure 1-1|summarises the trends in smoking prevalence during pregnancy in

the UK from 1985 to 2012 from the available data sources and the time at which
smoking status was assessed in each of these data. Overall there has been a
reduction in smoking prevalence during pregnancy in the past two decades and
all the data sources reflect a downward trend in maternal smoking during
pregnancy. The earliest measures of smoking during pregnancy are obtained
from the IFS. According to the IFS, 39% of women smoked before pregnancy
and 30% smoked during pregnancy in 1985°“(which has now reduced by over
50% with about 12% women smoking throughout pregnancylil In addition to
these routinely collected data and the IFS, the Health Education Authority (HEA),
now part of the National Institute for Health and Clinical Excellence (NICE), also
conducted a series of small surveys between 1992 and 1999 and found that the
prevalence of smoking in pregnancy reduced from 26% in 1992 to 22% in 1998
but then peaked at 30% in 1999 with small fluctuations in the prevalence during
the entire seven year period. A potential explanation for this paradoxically high

prevalence in 1999 and fluctuations in the prevalence could be the sampling
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method for the survey. Women were selected using quota sampling as opposed

to probability sampling and also the sample sizes for each of these surveys only

ranged from 625-1100 pregnant women

[63]64]

generalisable.

which makes the findings less
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Figure 1-1- Trends in maternal smoking during pregnancy from available data
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1.3.2.2 Smoking and socio-demographic characteristics

Maternal smoking prevalence during pregnancy varies by age. According to the
IFS 2010 35% of pregnant women in the younger age group (< 20 years)
smoked throughout pregnancy compared to 9% of pregnant women in the older
age group (> 35 years). Results from SMR data also indicate a similar trend
where the prevalence of current smoking in pregnant women younger than 20
years was 38.2% compared to 12.8% in pregnant women over 40 years in

2010.

There is also a marked social gradient in the prevalence of smoking during
pregnancy. Data from IFS 2010 showed that 4% of pregnant women in the
managerial/ professional group smoked throughout pregnancy in comparison to

20% of pregnant women in the routine/manual group.l"j

1.4 SMOKING CESSATION DURING PREGNANCY

1.4.1 Benefits of smoking cessation during pregnancy

McBride and colleagues suggest that pregnancy may be a teachable moment for
smoking cessation where there is an increased perception of risk which prompts
strong emotional responses and triggers cessationleherefore, a higher
proportion of women stop smoking during pregnancy than at other times in their
IivesljSmoking cessation during pregnancy is associated with reductions in
various maternal and fetal complications in addition to the general health
benefits. A prospective cohort study conducted in New Zealand and Australia on
2,504 pregnant women suggested that women who stopped smoking before 15
weeks of gestation had similar rates of spontaneous preterm birth and small for
gestational age infants as those in non-smokers, indicating that these adverse
outcomes can be reduced by quitting early in pregnancymAnother study from

Sweden using the Swedish Birth Register concluded that stopping smoking
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between the first prenatal care visit and the 32" week of gestation prevented
smoking-associated deficits in birth weight, head circumference and brain-to-
body weight ratiolilThese findings are supported by another study from Taiwan
using the Pregnancy Risk Assessment Monitoring System (PRAMS) data which
found that the babies of mothers who quit smoking during the first trimester
weighed 168 g more than the babies born to smokers and there was no
difference in birth weight between babies born to women who quit and never
smokers (p-value 0.63)|i|A Cochrane review has shown that smoking cessation
interventions reduce low birth weight by 17% (RR 0.83, 95% CI 0.73-0.95,
n=16 studies) and preterm birth by 14% (RR 0.86, 95% CI 0.74-0.98, n=14
studies)liIA study based on a USA 1995 birth cohort reported that using
smoking cessation interventions to reduce maternal smoking during pregnancy
would prevent 108 cases of SIDS annually, which equated to 3.5% of overall

SIDS deaths in the USAEI

Apart from these health benefits smoking cessation during pregnancy may also
generate financial benefits for the NHS. It is estimated that spending between
£13.60 and £37 on smoking cessation interventions per pregnant smoker would
yield positive cost savings for the NHSIjA study conducted in the USA on 227
pregnant smokers found that for every $1 spent on smoking cessation for
pregnant women, as estimated $3 in neonatal intensive care costs can be
savedlenother American based study found that an annual drop of a single
percentage point in maternal smoking prevalence during pregnancy would

prevent 1300 low birth weight live births and save $21 million in direct medical

costslj

1.4.2 Smoking cessation interventions for pregnant women
Given the harms of maternal smoking during pregnancy and benefits of

cessation, the World Health Organization (WHO) recently produced guidelines for
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the prevention and management of tobacco use and second-hand smoke
exposure during pregnancy. These guidelines recommend all healthcare
providers to ask pregnant women about their tobacco use as early as possible in
the pregnancy and at every antenatal care visit and to offer advice and
psychosocial interventions for tobacco cessation to all pregnant women who are
smokers or recent quittersr_TINo recommendations were made on the use of
nicotine replacement therapy (NRT) during pregnancy due to the lack of

evidence of the safety, efficacy and adherence to the treatments (see Section

1.5|for further details). Other drugs that are licensed as smoking cessation aids

for the general population (bupropion and varenicline) are not currently

recommended for use during pregnancy.|Table 1-1|summarises the different

psychosocial interventions currently used/evaluated for smoking cessation in
pregnant women and the evidence for effectiveness of each intervention.
Currently financial incentivisation, counselling and self-help are shown to be
effective for smoking cessation during pregnancy. There is mixed evidence on
the effectiveness of other psychological interventions in pregnancy such as

feedback and social support.
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Table 1-1 — Psychosocial interventions for smoking cessation in pregnant women and evidence for effectiveness

Interventions

Description

Evidence

Cognitive behavioural therapy

Scheduled face-to-face meetings between
pregnant smokers and specialist adviser which
may take place individually or in groups typically
over a period of at least 4 weeks after the quit
datd”]

Motivational interviewing

Directive, client-centred counselling style for
eliciting behaviour change, with a focus to help in
exploration and resolution of ambivalence
regarding smoking cessation

Aims to increase the likelihood of making an
attempt to change a person’s harmful behaviour
ranges from brief 20 minutes face to face sessions
to telephone and group consultations etc.

A systematic review of 86 trials assessing psychosocial
interventions for smoking cessation reported that
pregnant women provided behavioural counselling such
as CBT or MI were 44% more likely to be abstinent in
late pregnancy compared to pregnant women given
usual care (RR 1.44, 95% CI 1.19-1.75) and women
receiving less intensive interventions (RR 1.35, 95% CI
1.00-1.82)[7]

Self-help materials

Written materials such as booklets but also
includes videos or audiotapem

Offered to pregnant women who are referred to
Stop Smoking Services (SSS)

Women who opt-out of SSS are also offered these
self-help material§”]

May also be supplemented by telephone
counselling or quit line

Wide-reaching as they can be easily disseminated
Low-cost

A meta-analysis of 12 trials assessing self-help
interventions for smoking cessation in pregnant women
reported that pregnant women who were given self-
help material were 83% more likely to quit compared
to women given usual care including brief intervention
(pooled OR 1.83, 95% CI 1.23-1.73[%]

Interventions based on stages of change theory -
‘transtheoretical model’

The core of the transtheoretical model of
behaviour change and acts as a basis for
behavioural counselling for smoking cessation®
Five stages of change i.e. pre-contemplation,
contemplation, preparation, action and
maintenance

Tool to develop individually tailored
communications for smoking cessation in form of
counselling and self-help materials etc.

Mixed evidence regarding the success of interventions
based on stages of change’ theorﬂ

Lumley and colleagues reported a pooled RR of 0.99
(95%CI 0.97-1.00) for smoking cessation in late
pregnancy for interventions based on " stages of
change’ theoryF;_gILess emphasis was placed on "stages
of change’ in the updated review and the interventions
were broadly categorised as counselling interventions
in the new review.

Financial incentivisation

Thought to influence individual’s motivation and
self-regulation and also increase health
professionals’ engagement with patient@ These
include incentives such as gift and other vouchers

Women who were offered incentives used the services
more than women not incentivised. Furthermore,
women from the incentivised group reported the
experience motivating for their smoking cessatiof®]
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Interventions

Description

Evidence

or payment§”?]

The four trials with financial incentives as the main
intervention compared to usual care showed a three-
fold increase in the abstinence in late pregnancy (RR
2.95, 95% CI 1.55-5.63), however the trials included
are from the USA”?

A Randomised Controlled Trial (RCT) is in progress in
the UK to evaluate the effectiveness of this intervention
in the U

Feedback

Giving feedback to pregnant women on the effects
of smoking on the child and their own health. This
includes interventions such as ultrasound
monitoring, carbon monoxide or urine cotinine
measurements etcm

Chamberlain and colleagues reported a significant
effect of feedback on abstinence only when compared
with usual care and provided in conjunction with other
interventions (RR4.39, 95% CI 1.89-10.21) however
no significant effect was found when compared to less
intensive interventions (approximate of usual care) (RR
1.19, 95% CI 0.97-2.31)

Social Support

Including peer/partner support, or support from a
healthcare professional

In a recent meta-analysis, social support by peers was
reported to increase the abstinence in late pregnancy
by 49% (Pooled RR 1.49, 95% CI 1.01-2.19) however
social support by partner was not reported to have a
significant effect of self-reported abstinence (RR 1.02,
95% CI 0.70-1.50)[7]
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Reducing maternal smoking during pregnancy has been an NHS priority since
the beginning of the last decade. In March 2011 the government published a
white paper titled "Healthy lives healthy people: A tobacco control plan for
England” which set out how tobacco control would be delivered in the context of
new public health systems. One of the aims of this plan is to reduce the rates
of smoking throughout pregnancy from 14% to 11% or less by 2015|qurrentIy
in the UK there are interventions and support available for pregnant women who
want to quit including self-help interventions, pharmacotherapy, specialist
support and intensive interventions offered by the NHS Stop Smoking Services
(SSS)EThese services came into place in 2000 following the 1998 tobacco
control strategﬁand since 2001 provide individualised support to pregnant
women in clinic settings, home settings and on the phonelfIData from the NHS-
SSS suggest that about half (46%) of pregnant smokers who use these services
quit at the 4 week foIIow—upI'BZI However, less than 14% of pregnant smokers
access these servicesmTherefore, to improve the uptake of these smoking
cessation services NICE formulated guidelines on stopping smoking during
pregnancy and childbirth in 2010|jThese guidelines recommend all midwives to
assess preghant women'’s smoking status at booking, do a carbon monoxide
(CO) breath test and refer them to the NHS-SSS. Other healthcare professionals
such as general practitioners (GPs), practice nurses, family nurses, obstetricians,
paediatricians, sonographers and others are recommended to use any
appointment as an opportunity to assess smoking status and offer smoking
cessation advice and an NHS-SSS referral to those who want to stopljSimilar
to the WHO guidelines, bupropion and varenicline are contraindicated for use
during pregnancy in the UK. In light of the insufficient data on the safety and
effectiveness of NRT, NICE recommends a discussion of the risks and benefits of

NRT before prescribing and to only prescribe NRT if cessation without NRT failslj
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NICE has also recommended an ‘opt out’ referral pathway through which the

details of all identified pregnant smokers should be passed on to the local

smoking cessation service without the need for direct consentlil Figure 1-2

explains the detailed pathway for referrals from maternity services to NHS Stop

Smoking Services.
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Figure 1-2 - Pathway for referrals from maternity to NHS Stop
Smoking Services

AT BOOKING

@ Use CO breath test

@ Ask the woman If anyone In the household smokes
® Ask If she smokes

@ Record smoking status and CO level In notes’

Refer the following to NHS Stop Smoking Services:

® Women who say they smoke

® Women with a CO reading around 7ppm?

@ Women who say they have quit smoking In the
last 2 weeks

@ Give them the NHS Pregnancy Smokin
Helpline number: 0800 1699 169 and
number where avallable

@ Record In notes’

[ AT NEXT APPOINTMENT |
)' Check If referral was taken up '
NO | YES
)
E3 Asn&f Interested In stopping Provide feedback as
smoking
@ Offer another referral to NHS "-’ggmamtes’
Stop Smoking Services
REFERRAL @ Record In notes’
ACCEPTED
Review at
l REFERRAL appo|ntrm;;ﬁ.%q‘;gm
\]/ DECLINED rate anc‘I
@ Refer to NHS Stop Smoking In notes
services N
@ Give them the NHS ® Accept the answer
Pregnancy Smoking
Helpline number: non-judgmentally
0800 1699 169 and local @ Leave the offer of help open,
number where avallable record In notes’
@ Record In notes’ @ Review at a later appointment

! Preferably the patient handheld record.
2 Lower level (e.g. 3 ppm) may apply for light/infrequent smokers. Note: higher level might apply if prior exposure to other
sources of pollution, e.g. traffic fumes, leaky gas appliances.

Adopted with permission from: National Institute for Health and Clinical
Excellence (2010) Quitting smoking in pregnancy and following childbirth
PH26. London: National Institute for Health and Clinical Excellence

40



1.5 NICOTINE REPLACEMENT THERAPY

Nicotine replacement therapy (NRT) contains low doses of nicotine in different
medicinal forms. Its use is indicated outside of pregnancy for abrupt cessation of
smoking, or to reduce the amount of cigarettes smoked before completely
quittinglfllt can also be used to minimise passive smoking, to treat cravings
and reduce compensatory smoking after enforced abstinence in smoke-free
environmentsEIThe main mode of action of NRT is the stimulation of nicotine
receptors in the ventral tegmental area of the brain and the consequent release
of dopamine in the nucleus accumbens. This combined with other peripheral
actions of nicotine leads to a reduction in nicotine withdrawal symptoms in
regular smokers who abstain from smokinglﬂUse for smoking cessation during
pregnancy serves two important purposes: firstly, it delivers nicotine without
delivering other harmful chemicals and teratogenic products from tobacco smoke

to pregnant women and secondly it reduces withdrawal symptoms including

cravings|j

The use of NRT for smoking cessation during pregnancy is now supported by
many countries in the world. The guidelines for smoking cessation in the USA,

Australia, and New Zealand recommend that NRT can be used by pregnant

92-94

women The Ontario Provincial Medical Association in Canada also

recommends that NRT should be made available to pregnant women who are
unable to quit using non-pharmacological methods|”?|Similar policies are in place

for NRT use during pregnancy in European countries like France and Germanyﬁl

In the UK, NRT was made available on NHS prescription in 2001; however, its
use was contraindicated in pregnancy due to safety fears; for example, concerns
about its potential vaso-constrictive properties and potential placental transfer.
In 2003 guidance for NRT prescribing was revised such that NRT use in

pregnancy was cautioned rather than contra-indicatedlfl In November 2005 the
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Medicines and Healthcare products Regulatory Authority (MHRA) conducted a
comprehensive review on the safety of NRT during pregnancy and despite a lack
of conclusive evidence for efficacy, indicated that NRT use was likely to be less
harmful than smoking}”’|consequently broadening the UK licensing
arrangements for NRT to include pregnant women in December 2005|f|As a
result NRT can now be prescribed in specialist settings such as the Stop Smoking
Services for Pregnant women (SSSPs) as well as in primary care settings. NICE
recommends initially prescribing 2 weeks of NRT for use to pregnant women
from the day they agree to stop and providing further prescriptions based on re-

assessmentleRT is available both on NHS prescription and over-the-counter

(OTC) in many different forms and strengths.|Table 1-2|presents a detailed

description of currently available NRT formulations in the UK which are also

available to pregnant women in the UK.
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Table 1-2- Nicotine Replacement Therapy formulations currently
available in the U

Formulation | Available Specific side- Maximum Additional
Strength effects recommended | information
daily dose
Nicotine 2mg, 4mg Increased 60 mg Treatment to
chewing gum salivation, continue for
irritation of the 3 months for
throat smoking
cessation
Nicotine 10mg, 15mg | Irritation of the 12 cartridges of | Single 10mg
inhalation throat, reversible | 10mg/ 6 cartridge
cartridge atrial fibrillation cartridges of lasts for 20
15mg minutes and
15 mg
cartridge
lasts for 40
minutes
Nicotine 1 mg, Increased 15 lozenges Treatment to
lozenge 1.5mg, salivation, continue for
2mg, 4mg, diarrhoea, 6-12 weeks
constipation, for smoking
dysphagia, cessation
oesophagitis,
gastritis, mouth
ulcers, bloating,
flatulence, taste
disturbance,
thirst, gingival
bleeding,
halitosis, chest
pain, rash, hot
flushes
Nicotine 2mg Dry mouth 40 tablets Treatment to
sublingual continue for
tablets 3 months for
smoking
cessation
Nicotine oral | 1mg/spray Arrhythmia, hot 2 sprays per -
spray flushes, craving
sweating, episode, 4
myalgia, chest sprays every
pain, abdominal hour and 64
pain, flatulence, sprays daily
taste
disturbance, dry
mouth,
paraesthesia,
watery eyes,
blurred vision
Nicotine 500 mcg/ Coughing, nasal 64 sprays daily, | Treatment to
nasal spray spray irritation, twice every continue for
epistaxis, hour for 16 8 weeks for
sneezing, watery | hours smoking
eyes cessation
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Nicotine
transdermal
patches

5mg/16 hrs,
10mg/16
hrs,
25mg/16hrs,
7mg/24hrs,
14mg/24hrs,
21mg/24hrs

Abnormal
dreams,
sweating,
myalgia,
arthralgia,
arrhythmia,
chest pain, dry
mouth, minor
skin irritation,

25mg/16hrs

>10
cigarettes
daily - high-
strength
patch daily
for 6-8
weeks,
followed by
the medium-
strength
patch for 2
weeks, and
then the
low-strength
patch for the
final 2
weeks

<10
cigarettes
medium-
strength
patch for 6-
8 weeks,
followed by
the low-
strength
patch for 2-
4 weeks
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1.5.1 Effectiveness of NRT for smoking cessation in pregnant women

In non-pregnant smokers NRT is shown to increase quit rates by 1.5-2.0 times
the rate of those trying to quit without NRﬁhowever, the evidence of
effectiveness of NRT during pregnancy is inconclusive. A recent multicentre,
double blinded, randomised, placebo-controlled trial on Smoking, Nicotine and
Pregnancy (SNAP) enrolled 1050 pregnant women across England to evaluate
the effectiveness of NRT patches for prolonged abstinence and found no
significant difference in the rate of abstinence from quit date until delivery
between the NRT and placebo group (OR 1.26, 95% CI 0.82—1.96)|T|
Furthermore, a systematic review including this trial and five other randomised
controlled trials on NRT and smoking cessation in pregnant women, including
1745 women in total, found similar results with no difference for smoking
cessation in later pregnancy for NRT in comparison to the placebo group (RR
1.33, 95% CI 0.93-1.91)|f|A potential explanation for reduced effectiveness of
NRT during preghancy is the increased metabolism of nicotine during pregnancy.
Several studies have reported higher metabolism of nicotine and cotinine (the

primary metabolite of nicotine) in pregnant women compared to non-pregnant

1020103

population such that the half-life of cotinine is reduced to nine hours in

pregnancy compared to 17 hours in non-pregnant womenlﬂDempsey and
colleagues studied metabolism of nicotine and cotinine in 10 healthy pregnant
smokers after intravenous administrations of nicotine and found that both
nicotine and cotinine are metabolised more rapidly during pregnancy than in the
postpartum period with nicotine clearance being 60% higher during pregnancy
compared to outside pregnancy and cotinine clearance being 140% higher. The
half-life of cotinine was also significantly higher during pregnancy compared to
outside pregnancy (8 hours vs. 16 hours)lil Another study compared nicotine
metabolism using segmental hair analysis during each trimester of pregnancy in

a large cohort of pregnant women and observed a significant decrease in hair
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nicotine concentrations from the first to third trimester among steady smokers,
accompanied by a significant increase in hair cotinine concentrations as nicotine
clearance increases during later pregnancy

Another factor related to the low effectiveness of NRT during pregnancy may be

low adherence to the prescribed doses of NRT with a median duration of NRT use

100§106-109

to be about two weeks. In the general population NRT use is

recommended for 8-12 weeks for optimal effectiveness therefore two weeks of

NRT may be very short to show any effectiveness|™/|'*

1.5.2 Safety of NRT for pregnant women

There is very limited evidence of the safety of NRT during pregnancy and to date
the evidence remains inconclusive. A recent systematic review of randomised
controlled trials found no differences in the risk of preterm birth (RR=0.85, 95%
CI 0.57-1.26), neonatal intensive care unit (NICU) admissions (RR= 0.94, 95%
CI 0.64-1.38), miscarriage (RR 1.24, 95% CI 0.37-4.17), and neonatal death
(RR 0.28, 95% CI 0.06-1.41) between NRT and placebo groups Additionally,
no increased risk of low birth weight (OR=1.66, 95% CI 0.64-4.27) and stillbirth
(RR 1.98, 95% CI 0.55-7.07) was found in the NRT group compared to the
placebo grouplilln contrast, observational data from the PRAMS, USA found
that the risk of low birth weight to be twice in mothers who use NRT during
pregnancy (OR 1.95, 95% CI 1.10-3.46) compared to non—smokerslfIStudies
using the Danish National Birth Cohort have found no significant association
between NRT use and changes in birth weight (B co-efficient=0.25g per week of
NRT use) (95% CI -2.31,2.811f|or stillbirth (HR) 0.83, 95% CI 0.34-2.00)|1:T|
Evidence of the association between NRT use and congenital anomalies is also
inconclusive. The SNAP trial found no increase in the risk of congenital anomalies
associated with NRT use in pregnant women (OR 0.70, 95% CI 0.30—1.66)|i|
The Danish National Cohort Data however suggest an increased relative risk for

congenital malformations associated with NRT use (RR 1.61, 95% CI 1.01-
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2.58)|i|The rate of caesarean section deliveries associated with NRT use has
only been assessed in the SNAP trial which found it to be 20.7% which was
approximately 45% higher in the NRT group as compared to placebo group (OR
1.45, 95% CI 1.05-2.01)

These studies will be discussed in detail in Chapter 6 and Chapter 7.

1.5.3 Views and attitudes of pregnant women regarding NRT use in
pregnancy
The licensing arrangements for NRT have now been broadened to allow use as a
smoking cessation medication during pregnancy in the UK. However, as
highlighted above, the evidence around its safety and effectiveness is
inconclusive. The attitudes and views of pregnant women and care providers
vary with some favouring the use of NRT during pregnancy and some being
sceptical about it. These views play a key role in the uptake of NRT during
pregnancy as the use and uptake of NRT may depend on women’s perceptions
on the usefulness and safety of the drug. In a small survey of 150 pregnant
smokers, identified through antenatal clinics in South West London,
approximately half of the pregnant smokers (45%) expressed interest in using
NRT. Women who smoked >10 cigarettes per day showed more interest in using
NRT than women who smoked <10 cigarettes per day (55.9% vs. 37.4%,
p=0.03)|f|Another survey was conducted in the UK after NICE guidelines for
smoking cessation supported the use of NRT during pregnancy to aid quit
attempts. This survey was based on 145 pregnant women in their third
trimester, identified through obstetric case notes. Approximately 70% of these
pregnant women expressed interest in using NRT during pregnancy for smoking
cessationESimilar figures are reported in an Australian study of 256 pregnant
women in an antenatal clinic where 63% of pregnant smokers expressed interest
in using NRT if it were provided free of chargelilln a qualitative study to

investigate the potential barriers to smoking cessation using NRT via focus

47



groups, the use of patches was considered to be acceptable to most of the
women. Some patients with medical problems or history of obstetric
complications expressed doubts about using NRT and some were even sceptical
of the effectiveness of NRTIﬂ However, this study was conducted on a selective
sample of women in in Australia therefore the results may not be applicable to
other countries like the UK. Additionally, this study was conducted before the
guidelines on NRT use in pregnancy were formulated and the licensing
arrangements for NRT were broadened, which may have caused a shift in
women’s perceptions about NRT use during pregnancy. In a more recent
qualitative study on 10 pregnant women in a semi-rural area of England,
patches were the preferred form of NRTIfI However, the biggest concern
highlighted by these women was that nicotine would harm the baby. Some other
concerns related to NRT patch use were the dislike of marks left by the patch
and finding a safe unobtrusive place to wear them on the body. Nevertheless,
some found the patch to be very discreet with the advantage that once it was

worn they forgot about itlig'l

1.5.4 Views and attitudes of health care professionals regarding NRT
use in preghancy
Another important factor in general population prescribing of NRT is the
perceptions of health care providers regarding NRT use in pregnancy which may
influence their practices and attitudes towards NRT prescribing. In a small
survey based on 61 obstetric and paediatric nurses, practitioners and physicians
in six community health centres in Boston, USA in 2000, 92% of obstetric
providers stated that they would prescribe NRT to pregnant women if safety data
were available. However, only 44% of the total sample was prescribing NRT at
the time of the study.lﬂ A more recent study based on 154 obstetricians/
gynaecologists in Ohio, USA reported that only 25% of these specialists

prescribed NRT to pregnant women, 32% perceived it as being safe in pregnancy
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and only 14% considered it to be effective. Obstetricians/ gynaecologists who
perceived NRT to be safe, effective, had confidence in their ability to effectively
prescribe NRT and had their colleagues prescribing NRT were more likely to
prescribe NRT (OR 20.0, 4.7, 3.9, and 6.7 respectively)lﬂIn a similar study by
the same authors assessing perception of nurses and midwives 74% of the them
believed that NRT would reduce the number of pregnant smokers however only
26% were confident in their ability to prescribe/ recommend NRT to pregnant
women A postal survey of 780 health professionals including general
practitioners (GPs) and midwives from New Zealand in providing maternity care
reported that only 24% of these GPs and midwives perceived NRT to be
appropriate to be prescribed to pregnant womenliINevertheless, since NRT is

more widely available now and its use is supported by several international

124-126

guidelines this proportion may have increased as a result. In a UK survey

of 368 GPs working in four districts of Nottingham, 62% of GPs considered NRT
to be effective in pregnancy and 70% considered it to be safer than smoking
however only 45% believed NRT to be safe in pregnancy Even after
relaxation of licensing arrangements of NRT in the UK, allowing health
professionals to prescribe NRT to pregnant women, NRT in pregnancy was
identified as a controversial issue in a qualitative study of midwives and health
visitors and midwives expressed concerns in suggesting NRT use to pregnant
women Some of these concerns were related to time-constraints, lack of
training and definitive knowledge about the effectiveness of NRT and poor of

compliance to NRT during pregnancylﬂ

1.5.5 NRT prescribing and use in pregnant women

Although NRT has been available in different forms for over a decade and
pregnant women have been encouraged to use NRT for smoking cessation if
smoking cessation without NRT fails, the literature describing trends in NRT

prescribing and use by this group is very limited. Studies using the Danish
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National Birth Cohort to investigate associations between NRT use and adverse
pregnancy outcomes presented self-reported NRT use in pregnant women to be
0.3% in the first 12 weeks of gestation and between 2 to 2.5% when NRT use

was assessed until 17-27 weeks of gestation Tlil A similar study from the

USA, using the 2004 PRAMS data reported NRT use to be 4% among pregnant
women IiIA more recent study from the USA based on 296 pregnant smokers
enrolled in an RCT reported that 7.4% of these pregnant smokers used NRT
during pregnancy A small study based on 145 pregnant smokers in an
antenatal clinic in the UK, before the changes in licensing arrangements took
place, found that none of the women in this study were prescribed or counselled
about NRTIiIAnother study linking Scottish maternity records with dispensed
prescribing data in Tayside, Scotland in 2007 found that 2.4% of the pregnant
women were prescribed NRT during pregnancylilln contrast, a recent study
conducted in 44 NHS Stop Smoking Services (SSS) across England reported NRT
use to be as high as 85% in pregnant smokers attending these serviceslil
However, women attending the SSS are more motivated to give up smoking
than the general population and therefore these rates may not be true for the

whole population.

1.6 SUMMARY AND THESIS OBJECTIVES

Smoking during pregnancy causes significant health and economic burden.
Therefore, up-to-date estimates of smoking in pregnancy are not only important
for monitoring trends but also important to assess the effectiveness of current

interventions and policies to tackle this problem.

Most drugs are contraindicated during pregnancy however NRT is licensed for
use in preghancy in many other countries. In the UK, it is widely available for
prescribing for smoking cessation in pregnant women since 2005. However,

estimates of the use and prescribing of NRT in pregnant women are scarce.
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These measures are vital to assess the utilisation and uptake of NRT which is
available on the NHS. Furthermore, evidence of NRT safety in pregnancy is
inconclusive with most RCTs being too small to detect an effect and most
observational studies using retrospective reporting of exposures making them

prone to recall bias.

Therefore, the main aim of the work presented in this thesis was to assess the
overall prescribing and safety of NRT in pregnancy. In order to meet this aim,
the following objectives were addressed:
1. To assess the completeness of smoking status recording and cessation
advice during pregnancy in THIN data
2. To compare the prevalence of maternal smoking in pregnancy from THIN
data with other available data sources in the UK
3. To quantify annual trends of NRT prescribing in and around pregnancy in
the UK
4. To assess whether NRT prescribing during pregnancy varies with
maternal characteristics
5. To investigate the relationship between antenatal exposure to NRT,
maternal smoking and major congenital anomalies among children
6. To investigate the relationship between antenatal exposure to NRT,
maternal smoking and other birth outcomes (stillbirth, low birth weight

and mode of delivery)
1.7 OUTLINE OF THESIS CHAPTERS
ChapterEIbriefIy reviews potential data sources to assess the objectives of this

thesis and describes in detail the main data source chosen for the studies in this

thesis (The Health Improvement Network data).
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ChapterEIassesses the completeness of smoking status recording during

pregnancy in primary care data (Objective 1)

Chapter|4|assesses the potential utility of these data to produce population-

level estimates of smoking in pregnancy (Objective 2)

Chapter|5|quantifies the prescribing of NRT in and around pregnancy and
describes trends and patterns using descriptive statistics as well as poisson

models (Objective 3 and 4)

ChapterEIinvestigates the association between maternal NRT or smoking

exposure and major congenital anomalies in the offspring (Objective 5)

Chapterassess the relationship between maternal NRT or smoking exposure

and stillbirth, low birth weight and mode of delivery (Objective 6)

Chaptersummarises the main findings of the work presented in this thesis,
discusses the public health implications and suggests avenues for future

research.
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2 POTENTIAL DATA SOURCES AND DESCRIPTION

OF THE DATA USED

This chapter briefly presents potential data sources that measure smoking, NRT

and other covariates required for the studies in this thesis and then describes in

detail the main data source used i.e. The Health Improvement Network primary

care data.

In the UK, there are a number of routinely collected data or

annual/quarterly/quinquennial surveys which assess different parameters of

smoking and NRT use.

Table 2-1

attributes that were essential for the studies in this thesis.

compares these data sources on some of the

Table 2-1 - Potential data sources in the UK to measure smoking and
NRT trends and safety

Data source Smoking Smoking NRT | Sociodemographic | Birth
outside in data | factors outcomes*
pregnancy | pregnancy

General Lifestyle Yes No No Yes No

Survey (GLF

/Integrated

Household Survey

(1HsI™]

Health Survey for Yes No No Yes No

England (HSEEl

Office for National Yes No No Yes No

Statistics (ONS)

Opinions Surve

Smoking Toolkit Yes No Yes Yes No

Study (STS|®]

Infant Feedin No Yes No Yes No

Survey (IFSW

Smoking at Time of No Yes No No No

Delivery (SATOD]-S_U'I

Child Health Systems | No Yes No Yes No

Programme (CHSPE'

Scottish Morbidity No Yes No Yes No

Record (SMR) -

smoking at bookind®!]

Commercial over- No No Yes No No

the-counter NRT

datﬂ

Electronic Prescribing | No No Yes No No

Analysis and Cost

Tool (e-PACTI™]

Data from the Sto No No Yes Yes No

Smoking Service@

Primary Care Yes Yes Yes Yes Yes

Dat _

*congenital anomalies, birth weight, stillbirth, mode of delivery
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Out of the 12 data sources listed in|Table 2-1|only five sources assess smoking

status specifically in relation to pregnancy and four sources assess NRT
use/prescribing. However, the table above clearly highlights that compared to all
the other potential data sources a large dataset of primary care data could
potentially provide information on all the attributes required for this thesis
including information on smoking status during and outside pregnancy,
prescribing of NRT, sociodemographic factors and birth outcomes. In addition, it
has other health information on women such as comorbidities. Therefore, these
data have the potential to provide detailed information on smoking and NRT use
in and around pregnancy, offering a large amount of data for a period of about
20 years, without the costs and time involved in using some other bespoke
studies. The Health Improvement Network (THIN) primary care database was
chosen as the dataset to be used for this thesis over the Clinical Practice
Research Datalink and QRESEARCH it had an established pregnancy cohort with
mother-child linkages at the time of the study which is essential for assessing
the effects of pregnancy exposures (e.g. smoking, NRT) on birth outcomes
(stillbirth, congenital anomalies). Additionally, about half of the general practices

that contribute to THIN also contribute to CPRDE

2.1 INTRODUCTION TO THE HEALTH IMPROVEMENT NETWORK DATA
THIN is an electronic primary care database of anonymised patient records from
general practices across the UK. It contains medical, prescription, lifestyle and
socio-demographic information routinely collected by GPs. THIN was set up in
November 2002 following collaboration between the Cegedim Strategic Data
(CSD) Medical Research UK, formerly known as the Epidemiology and
Pharmacology Information Core (EPIC), part of the group who developed the
Clinical Practice Research Database (CPRD) formerly called the General Practice

Research Database (GPRD)IiIand InPractice Systems (InPS) who developed the
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Vision softwareljlil Data are collected prospectively for all the registered
patients who are alive. Additionally, historical information is available for
patients who have died or transferred out of the practices. All practices
participating in THIN use Vision software for their prospective data recording. On
joining THIN an initial Full Data Collection (FDC) is conducted where all the
retrospective data are coIIected.IﬂRetrospective medical data are also available
in each patient’s records although general practices may have previously used a
number of different software systems to record their data, mostly using the
Value Added Medical Products (VAMP) system to enter patient datamwhich was
used in the Clinical Practice Research Data link (CPRD) formerly known as the

GPRD.

THIN adds to existing data every quarter to update the dataset with a lag of
three to eight months between data being entered and being available for
research|f|With each new release of the dataset the number of practices
contributing data to THIN increases as a result of recruitment of new practices,

though a small number of practices also leave the scheme.

2.2 DATA FORMAT OF THIN

Information for each patient is split into four main files, which are linked

together by a unique patient identification number.|Figure 2-1| describes the

structure and information contained in each of these files. In addition to these
files, there is a Postcode Variable Indicators (PVI) file containing postcode linked
area-level socioeconomic, ethnicity and environmental indices however ethnicity
information was only available for <15% of the women for the version of data
used for this thesis (85% missing, 11% European, 0.6% Asian, 0.6% Black,
1.2% Other White, 1.1% Mixed race) and therefore ethnicity was not included as

a covariate in the studies conducted in this thesiﬂ
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Figure 2-1 - Structure of THIN data
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Clinical information in the Medical and Additional Health Data (AHD) file is coded
using medical Read codes, a coded thesaurus of clinical terms including signs,
symptoms, diagnoses, investigations and procedures etc The medical Read
codes in the file are also complemented by the AHD codes in the AHD file which
describe details of lab values and other anthropometric measurements. More
detailed clinical information and comments are entered as free text; these data
were not available for this work Prescriptions are entered using multilex drug

codes which are linked to the British National Formulary (BNF).

2.3 VERSION USED FOR THIS PHD - THIN 1009

The version of THIN used for the studies conducted as part of this thesis
contains anonymised data from 495 practices across England, Scotland, Wales
and Northern Ireland with a total of 9.5 million patients and covers
approximately 5.7% of the UK population. Of these over 3.46 million patients
are currently registered with active practices and can be prospectively followed.
Data are available from January 1990 to September 2010 However, data for
2010 were only available for the first nine months of the year and, therefore, all

the studies discussed in this thesis have only used data until December 2009.

2.4 STRENGTHS AND LIMITATIONS OF DATASET IN RELATION TO THE
PHD WORK

Electronic primary care data such as THIN are a good resource for descriptive

epidemiology. However, there are limitations to its use which are important to

consider. The relative strengths and limitations of THIN, particularly with

reference to studying smoking and NRT prescribing in pregnancy are discussed

below.
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2.4.1 Nature of data recording

THIN has information on smoking status, prescriptions, cessation advice and
counselling recorded prospectively compared to retrospective data collection in
other data sources such as IFS and SATOD, which minimises the potential for
misclassification due to recall or reporting errors. In addition to the smoking
information, it also contains other clinical information recorded prospectively
which may affect the smoking behaviour and other outcomes under study.
Furthermore, THIN is based on routinely-collected data and reflects real life
situation rather than experimental settings. It is therefore also useful to study
the effect of certain policy and guideline changes on patient behaviour in the
general population. These data however present a picture of routine UK clinical
practice and inevitably lack information on people who did not consult their GPs
for medical problems, which needs to be kept in mind while interpreting the
findings from any study using primary care data. Additionally, the recording of
different covariates will vary in the population as these data are not collected at

regular intervals.

2.4.2 Size, representativeness and generalisability

Small sample sizes are one of the biggest drawbacks of many research studies in
pregnhancy as they result in reduced statistical power and are much less likely to
represent the target population. THIN is a large database with information on
over nine million patients and approximately two million women in their
childbearing years from approximately 500 practices around the UK. Utilising
THIN to estimate the prevalence of smoking and NRT prescribing in pregnancy
could potentially produce precise estimates based on routine data with no added

costs to conduct any surveys.

Most people in the UK are registered with a GP. General practices voluntarily

contribute data to THIN and therefore may have a slight under-representation of
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the most deprived socioeconomic group compared with the UK as a whole.
Nevertheless, electronic primary care data have been shown to be generally
representative of the UK population in terms of demographics, prevalence of
major conditions and mortality rates|i|Therefore, estimates of the clinical
burden of disease, drug prescribing and the utilisation of primary care resources

can be reasonably generalised to the population of the UK.

2.4.3 Validity and data quality of exposures/ outcomes of interest

Independent studies have shown high validity for both common and rare

152-154

outcomes in THIN, including fertility rates THIN has also been previously

validated for recording of smoking status at a national and regional level in the

general population'*[*>>

and prescriptions for smoking cessation medicationslil

Additionally, the prevalence of congenital anomalies in THIN is shown to be
consistent with European Surveillance of Congenital Anomalies (EUROCAT)
datﬂand has been validated against written GP recordsliIOther pregnancy

outcomes, however, have not been validated but show similar estimates to

national figures (e.qg. stiIIbirth)IiI

As these data are primarily not collected for research purposes, information on
certain exposures and outcomes may be more complete in certain groups
compared with the general population. For example, a GP is more likely to ask
and update smoking status in smokers as smoking is an important risk factor for

many other medical conditions. Additionally, GPs address an average of two to

160f1i61

three different medical problems during a single consultatiorn however, only

1414142

the dominant topics of the visit may be coded Therefore the information

contained in these data heavily relies on the GPs’ assessment of the extent and
importance of the problem. Behavioural factors such as smoking, alcohol,
exercise and diet etc. may therefore not always be recorded. Initial inspection of

THIN data demonstrated poor recording of smoking status before 2000.
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Therefore, for the purposes of this thesis analysis was limited to data from 2000

onwards.

Additionally, some drugs such as NRT are available from multiple sources in the
UK for example GPs, SSS and OTC. Therefore, THIN may only be able to give
population-based estimates of prescribing in primary care and not from other
sources. NRT only became available on NHS prescription in 2001 Therefore,
the studies in this thesis assessing NRT prescribing and safety only analyse data

from 2001 onwards.

2.4.4 Duration of follow-up

The average follow-up time for each woman in the data is approximately 4.5
years. This may be useful when assessing prevalence of smoking at a population
level and comparing trends in smoking prevalence and NRT prescribing over
time. Whilst this is a relatively short time in the context of a lifetime, it

surpasses other available data where cross-sectional sectional surveys are used.

2.4.5 Contemporaneous

The version of THIN used for this thesis has data up to September 2010.
However, THIN data are updated routinely and have a lag of only three to eight
months before the data become available for research. Therefore, methods used
in this thesis could be utilised to provide contemporaneous and timely estimates

of smoking in future.

2.5 MOTHER-CHILD LINK

To assess the health effects of maternal exposures on children, the anonymised
primary care records of mothers and their children in THIN version 1009 were
linked to form a pregnancy cohort with maternal-child linked records. This was

done by Dr Linda Fiaschi and Dr Laila J. Tata using unique household
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identification numbers to find mothers and children within the same household
and then matching them using the delivery details in the mothers’ primary care
records and birth details in the children’s primary care records. Approximately
87% of the children registered within three months of birth are matched to their
mothers’ records. This dataset was created independent of the work in this
thesis and serves as a resource for several studies within the Division of
Epidemiology and Public Health. This mother-child linked data was used for

Objectives 5 and 6 (safety of NRT).

2.6 ETHICAL APPROVAL

All data are anonymised before leaving the practice such that individual patient
identifiers such as the name, address, date of birth, hospital number and specific
location of general practices cannot be identified by researchers. THIN data
collection was approved by the NHS South-East Multi-centre Research Ethics
Committee (MREC) in 2003|i|EthicaI approval for the use of THIN data for
studies on smoking and NRT prescribing prevalence was obtained from THIN
Scientific Review Committee (Ref.No 11-047). Ethical approval for the studies on
NRT safety in pregnancy was obtained from the Medical Research Ethics
Committee, administered and approved by the NHS MREC (REC Ref.

04/MRE01/9).
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3 COMPLETENESS OF SMOKING STATUS

RECORDING DURING PREGNANCY IN THIN

3.1 INTRODUCTION

Current recommendations in the UK emphasise that all healthcare workers
involved in a pregnant woman'’s care (e.g. midwives, GPs, practice nurses and
obstetricians) should assess the woman’s smoking status at the earliest possible

stage of pregnancy and offer cessation advice and a referral to specialist stop

164-166

smoking advisers for women who smoke|77'|79 Documentation of a

woman’s smoking status in her medical records is recommended to enable her
healthcare team to offer appropriate support throughout the pregnancy.lil
Midwives record these data on the handheld maternity records and GPs record
this information in the electronic primary care data. In the UK women must be
registered with a GP in order to receive antenatal care provided by the NHS and,
although most antenatal contacts are with midwives, an estimated 77% of
women see their GPs first for confirmation of pregnancy before attending an
antenatal booking appointment with a midwifelﬂThis visit is therefore an ideal
opportunity for the GPs to assess smoking status, communicate it to the

healthcare team and provide advice on quitting, given the benefits of quitting

66-68

early in pregnancy Primary care is the central hub in the current UK health

care system and the assessment and complete documentation of smoking
status, amongst other health indicators, in primary care is important to increase
opportunities for providing smoking cessation advice and interventions during
pregnancy. However, the extent to which smoking status is assessed and
recorded during pregnancy in primary care is currently unknown. Additionally,
there are no measures on whether GPs provide smoking cessation advice to
pregnant women and how well it is recorded. These are important questions not

only to identify missed opportunities for smoking cessation in primary care but
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also to assess the potential utility of these data to generate smoking estimates
during pregnancy at a population-level.

This chapter is aimed at addressing the very important questions highlighted
above. It begins with a brief overview of the Quality and Outcomes Framework
(QOF), a national scheme introduced to increase the recording of medical
conditions and lifestyle factors, including smoking, in primary care data. This is
followed by an investigation of the completeness of maternal smoking status
recording during pregnancy in THIN data, assessing the annual proportion of
pregnant women who have a record of their smoking status during pregnancy in
their primary care data and how this varies with sociodemographic factors and

maternal morbidities. This study was published in PLOS One in September 2013

and is attached as Appendix|10.1

Appendix|10.2|presents the results of a study which assessed the completeness

of recording of smoking cessation advice during pregnancy in primary care and
variations in completeness with maternal factors. This study was conducted as a
BMedSci project undertaken by Bethany Hardy and jointly supervised by myself

and Dr Lisa Szatkowski. This paper was published in BMC Family Practice in

February 2014 and it attached as Appendix|10.2
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3.2 QUALITY AND OUTCOMES FRAMEWORK

In April 2004, a new contract for GPs was implemented which introduced a
number of pay-for-performance targets as part of the QOFEA set of indicators
was developed under four main domains (clinical, organisational, patient
experience and additional service) to measure the performance of GP practices
using points. Approximately 7.5-8% of the QOF points (worth around £10,000)

per year per practice are related to the recording of smoking status and delivery

of smoking cessation advice|*®"*"*|At the time of its introduction, the QOF

required GPs to document the smoking status of patients with hypertension,
diabetes, asthma and certain other smoking-related morbidities every 15
months and have at least one record of smoking status in the absence of these
morbidities. In 2006, this was slightly changed to require all GPs to document
smoking status of all patients at least once every 27 months. The target was
then changed in 2013 to every 24 months for the general population and every
12 months for patients with chronic conditionsliINo rules however have been
developed for the recording of smoking status or smoking cessation advice
specifically during pregnancy. A detailed explanation of the QOF rules for

smoking status recording in the general population from 2004 to date is given in

Table 3-1
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Table 3-1 - QOF requirements for recording of smoking statug™” 3]

2004~
2005

2005-
2006

2006-
2007

2007-
2008

2008-
2009

2009-
2010

2010-
2011

2011-
2012

2012-
2013

2013-2014

Recording of smoking status in those

with specific conditions

Hypertension

Coronary heart
disease

Diabetes mellitus

COPD*

TIA** or stroke

Asthma

Chronic kidney
disease

Schizophrenia,
bipolar disorder
or other
psychoses

Peripheral Artery
Disease

The notes of patients with any one or combination of these conditions should contain a record of
smoking status in the previous 15 months, except those who have never smoked where the smoking
status need only be recorded once since diagnosis.

The notes of
patients with any
one or combination
of these conditions
should contain a
record of smoking
status in the
previous 12
months, except
those who have
never smoked
where the smoking
status need only
be recorded once
since diagnosis.
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2004-
2005

2005-
2006

2006-
2007

2007-
2008

2008-
2009

2009-
2010

2010-
2011

2011-
2012

2012-
2013

2013-2014

Recording of smoking

status in all registered

patients in the general
population

The notes of
patients aged 15-
75 should contain
at least one record
of smoking status.

The smoking status of
patients aged 15+
should be recorded in
every 27 months,
except those who have
never smoked where
smoking status need be
recorded only once.

The smoking status of patients aged 15+ should be
recorded every 27 months, except those who have
never smoked where smoking status is to be checked
annually until age 25. Ex-smokers are to be asked
about smoking status on an annual basis until they
have been a non-smoker for 3 years.

The smoking status
of patients aged
15+ should be
recorded every 24
months, except
those who have
never smoked
where smoking
status is to be
checked annually
until age 25. Ex-
smokers are to be
asked about
smoking status on
an annual basis
until they have
been a non-smoker
for 3 years.

Table adapted with permission, and updated from Szatkowski L (2011) PhD Thesis: Can primary care data be used to evaluate the effectiveness of

tobacco control policies? Data quality, method developments and assessment of the impact of smokefree legislation using data from The Health
Improvement Network. Nottingham: University of Nottingham.

*COPD - Chronic Obstructive Pulmonary Disease, TIA — Transient Ischaemic Attack
Shaded areas represent the time when there are no QOF recording rules in place for specific conditions
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The introduction of the QOF led to an improvement in the recording of clinical
information in primary care medical records including the data on smoking
status and smoking cessation advice. A study examining the impact of the QOF
rules on the recording of smoking targets in primary care using THIN found that
with the introduction of the QOF in 2004, the recording of smoking status in the
general population improved such that the overall proportion of patients with a
smoking status record within the last 27 months increased from 30% in 2003 to
over 40% in 2004 and increased steadily over time such that in 2008 the
proportion of patients with a smoking status record within the last 27 months in
THIN was approximately 65%|i|5imilar increases were seen for recording of
smoking status in patients with chronic conditions where this proportion
increased from 50% in 2003 to over 75% in 2004 and then plateauedliIA
similar study using the QRESEARCH primary care database, including 525
general practices across the UK, reported similar results with a 33% increase in
the recording of smoking status between 2001/2002 and 2006/2007 with large

increases in the collection of smoking data after the implementation of the

QOFE

3.3 JUSTIFICATION FOR THE STUDY

In the general practice population as a whole the recording of patients’ smoking

1490155

status is more complete after the introduction of the QOF However, as

discussed above the QOF set no specific incentives for the recording of smoking
status in pregnant women. Having smoking status recorded in a pregnant
women’s medical records is not only useful for clinical management, but also
increases opportunities for health professionals to provide smoking cessation
interventions throughout pregnancy and afterwards. Additionally, a cohort of
pregnant smokers was required as a denominator to calculate NRT prescribing
prevalence and also as a comparison group to compare the safety of NRT in this

thesis. Therefore, the primary aim of this study was to assess the completeness
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of recording of smoking status during pregnancy in primary care medical records
over time and investigate whether completeness varied with women'’s
sociodemographic and health-related characteristics. Additionally, the secondary
aim of this work was to investigate whether, despite having no specific targets
for pregnancy, there was an increase in the completeness of smoking status

recording during pregnancy in UK primary care after the introduction of the QOF.

3.4 METHODS

3.4.1 Study population

For this particular study the population included all pregnancies recorded in THIN
between 2000 and 2009 in women of reproductive age (15-49 years), as defined
by the WHOEwhich resulted in either a live birth or a stillbirth. Pregnancies
ending in spontaneous abortions and terminations were not included in the study
population as these do not have comprehensive information on pregnancy-

related exposures and outcomes.

3.4.2 Smoking status records

Records of maternal smoking status during pregnancy were identified using Read
codes|i|These included codes for current, never, and ex-smoking, codes
indicating the type or number of cigarettes smoked, and codes indicating

smoking cessation interventions delivered to patients. Code lists are attached as

Appendix|10.5] Women were also considered to be smokers if they had a

prescription for a smoking cessation drug (nicotine replacement therapy,

bupropion or varenicline) in their medical records during pregnancy. Code lists

are attached as Appendix|10.6| Further information was extracted using the

smoking AHD codes in Appendix|10.7} This method of classifying smoking status

in electronic primary care data to calculate smoking prevalence has been

previously validated in general populationliql
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3.4.3 Maternal characteristics
To investigate the factors that may be associated with the recording of maternal
smoking status during pregnancy, data were extracted on the following maternal

characteristics. Code lists for the morbidities discussed below are attached as

Appendix|10.8

3.4.3.1 Age and socioeconomic status
Age was considered as a categorical variable with five-year age bands

progressing from 15 years through to 49 years with seven categories in total.

Socio-economic status was assessed using quintiles of the Townsend index of
material deprivationliIThe Townsend deprivation index measures area level
deprivation based on four indicators: unemployment, house ownership, car
ownership and overcrowding. This was derived using the 2001 Census data,
converted into five equal quintiles and then matched to UK postcodes to give
deprivation quintiles for each postcode, quintile 1 being the least deprived group

and quintile 5 being the most deprived group.

3.4.3.2 Diabetes

For each pregnancy, women were said to have diabetes if there was a medical
Read code for diabetes or a prescription of insulin or an oral hypoglycaemic
agent documented in the therapy file or a diabetes record in the AHD file within
27 months before conception until delivery. Although the QOF required the
smoking status of patients to be recorded every 15 months in patients with
diabetes and other comorbidities until 2013, for the general population smoking
status needed to be recorded every 27 months|i|Since this thesis is focused
around smoking in pregnant women (who represent a fairly healthy group from
the general population) the period of 27 months was set as a cut-off point for

extraction of diabetes and all other morbidities for consistency purposes.
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3.4.3.3 Hypertension

For each pregnancy, a woman was said to have hypertension if there was a Read
code for hypertension recorded in the medical file or three or more readings of
high blood pressure (BP) (systolic > 140mmHg with/ or diastolic >90mmHg)

documented in the AHD file between 27 months before conception until delivery.

3.4.3.4 Asthma

Women were defined as having asthma if they had a medical code for asthma
within 27 months before conception until delivery or if they had a medical code
for asthma any time in their general practice record before delivery and a drug
prescription for asthma within 27 months before conception until delivery to

identify if women had active asthma in and around the time of pregnancy

3.4.3.5 Mental illness

This variable included five psychiatric conditions: depression, anxiety, bipolar
disorder, schizophrenia and other psychoses. A woman was said to have a
mental illness if there was a definitive diagnosis (based on International
Classification of Diseases (ICD)-10 codes) of any of the above mental ilinesses in
a woman's primary care record between 27 months before conception until

delivery.

3.4.3.6 Pre-conception body mass index

Body Mass Index (BMI) was extracted from the medical file using Read codes.
Information on BMI was also extracted from the AHD file using the AHD
information on weight. The most recent recording of BMI within 27 months
before conception was considered to keep it consistent with the method of

determining all other comorbidities.
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BMI was then divided into four categories according to the WHO cIassificatiorlj
normal (18.5-24.9 kg/m?), underweight (<18.5 kg/m?), overweight (25-29.9
kg/m?), obese (=30 kg/m?). A separate category was created for missing BMI

information.

3.4.4 Statistical analysis

The prevalence of smoking status recording during pregnancy was calculated for
each year from 2000 to 2009 as the number of pregnancies with at least one
recording of smoking status during the gestational period divided by the total
number of pregnancies delivered in that year. These data were plotted

graphically.

For women who only had records of being a never smoker up to the age of 25
and who did not have a record of smoking during a subsequent pregnancy, a
never smoking record was imputed during gestation. Similarly, for women who
had no smoking status records during gestation but who were recorded as ex-
smokers for three consecutive years before the conception an ex-smoking record
was imputed during gestation. The annual proportion of pregnancies with a

recording of smoking status during the gestational period was then recalculated.

These imputations were based on the QOF rules discussed in Section|3.2] Since

April 2006 the QOF has not required GPs to record smoking status of patients
after the age of 25 years if they have been a never smoker until that agelil
After 2008, if a patient who once smoked has been recorded as an ex-smoker
for three years, GPs need no longer check and update the patient’s smoking

status records.

Logistic regression was used to calculate ORs for associations between women’s
characteristics and the recording of smoking status during pregnancy. All
covariates that reached statistical significance (p<0.05) in the univariable

analysis were initially included in the multivariable analyses and each covariate
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was tested sequentially in the multivariable model. Covariates that reached
statistical significance (p<0.05) in the multivariable analysis were retained in the
final model. As some women had more than one pregnancy during the study
period that contributed to the analyses, this potential clustering of pregnancies
within women was accounted for by calculating robust CIs around the odds
ratios using the clustered sandwich estimator. The clustered sandwich estimator

allows for intragroup correlation (i.e. more than more pregnancy for each

Woman) 180f1s1

Logistic regression was carried out for two separate time periods: before the
implementation of the QOF (January 2000-April 2004) and after the
implementation of the QOF (April 2004-December 2009). The introduction of the
QOF incentivised the recording of smoking status in patients with smoking-
related chronic conditions therefore it was expected to be an effect modifier of
the association between recording of smoking status during pregnancy and these

morbidities.

Visual comparisons of the magnitude, precision and statistical significance of the
odds ratios for each maternal factor in the pre and post-QOF periods were made
in order to assess whether the association between maternal factors and the
recording of smoking status during pregnancy changed after the QOF was

introduced.

3.5 RESULTS

3.5.1 Baseline characteristics

A total of 215,703 women with pregnancies resulting in live births or stillbirths
were identified between January 2000 and December 2009. Of these, 162,295
(75.0%) had only one pregnancy, 46,062 (21.5%) had two pregnancies and
7,346 (3.5%) had three or more pregnancies, giving a total of 277,552

pregnancies. The mean age at conception was 29.5 years (standard deviation
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(sd) 5.9) and the average length of pregnancy was 39.4 weeks (sd 2.2).[Table

3-2|describes the baseline characteristics of the study population in the pre-QOF

and post-QOF time periods. The overall prevalence of diagnosed asthma,
diabetes, hypertension and mental illness within the study population was
approximately 8%, 2%, 2.5% and 9% respectively. Information on
socioeconomic status (Townsend index) was missing for 6% of the total

pregnancies and information on BMI was missing for 42% of pregnancies.
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Table 3-2 - Baseline characteristics of the study population

Pre-QOF(January 2000- March 2004)

Post-QOF (April 2004- December 2009)

Total pregnancies

Pregnancies with a

Total pregnhancies

Pregnancies with a

(n=98,373) gestational smoking record (n=179,179) gestational smoking record
(n=12,381)** (n=64,188)

n n %* n n O *
Age at Conception
15-19 years 5,529 953 (17.2%) 9,854 4,856 (49.3%)
20-24 years 14,809 2,202 (14.9%) 29,323 12,607 (43.0%)
25-29 years 25,732 3,175 (12.3%) 45,416 16,758 (36.9%)
30-34 years 32,621 3,750 (11.5%) 54,574 17,437 (32.0%)
35-39 years 16,614 1,944 (11.7%) 32,778 10,296 (31.4%)
40-44 years 2,907 338 (11.6%) 6,868 2,123 (30.9%)
45-49 years 161 19 (11.8%) 366 111 (30.3%)
Townsend Score in
quintiles
Quintile 1 - least deprived 24,760 2,850 (11.5%) 38,815 11,733 (30.2%)
Quintile 2 19,288 2,277 (11.8%) 32,962 11,025 (33.4%)
Quintile 3 18,592 2,317 (12.5%) 35,209 12,542 (35.6%)
Quintile 4 17,128 2,279 (13.3%) 33,982 13,114 (38.6%)
Quintile 5 - most deprived 13,252 1,964 (14.8%) 25,742 10,915 (42.4%)
Missing 5,353 694 (13.0%) 12,469 4,859 (39.0%)
Pre-conception Body
Mass Index (kg/m?)
Normal(18.0-24.9) 26,663 3,948 (14.8%) 59,267 21,209 (35.8%)
Underweight(<18.0) 1,968 293 (14.9%) 4,355 1,714 (39.4%)
Overweight(25-29.9) 11,923 1,867 (15.7%) 29,476 10,957 (37.2%)
Obese(>=30) 7,125 1,240 (17.4%) 20,993 8,406 (40.0%)
Missing 50,694 5,033 (9.9%) 65,088 21,902 (33.6%)
Asthma 6,537 1,297 (19.8%) 16,807 8,911 (53.0%)
Hypertension 2,372 377 (15.9%) 4,962 1,959 (39.5%)
Diabetes 1,345 194 (14.4%) 4,864 1,857 (38.2%)
Mental illness 8,717 1,439 (16.5%) 17,294 7,373 (42.6%)

*pregnancies with a gestational smoking record in each sub-category divided by the total number of pregnancies in the respective sub-category
** women had information on whether they were an ex/never/current smokers or had a smoking cessation prescription



3.5.2 Completeness of maternal smoking records

A record of smoking status at any point during gestation was present in 76,569
(28%) of the 277,552 pregnancies. Of the 76,569 pregnancies in which there
was smoking status information, 913 (1.2%) only had a recording for smoking
cessation drug prescription with no accompanying Read codes indicating
smoking status. In 56,605 (73.9%) pregnancies, women had their smoking

status recorded only once during the gestational period, whereas in 19,964

(26.1%) pregnancies, smoking status was recorded more than once.|Figure 3-1

shows the proportion of pregnancies with smoking status recorded during
gestation from 2000 to 2009. In 2000, smoking status was recorded during the
gestational period for only 1,943 (8.8%) of the total 22,111 pregnancies. This
proportion increased steadily to 18% in 2003, with the proportion rising to
32.3% in 2004. After 2004 it increased steadily on an annual basis such that the
proportion of pregnancies with smoking status recorded during gestation in 2009

was 43.3% (13,360 out of 30,880 pregnancies).

When data for never smoking and ex-smoking were imputed based on the QOF
rules, the overall proportion of pregnancies with a record of smoking status
during gestation increased to 32.1%. In 2000, smoking status was recorded
during gestation for only 11.0% of pregnancies which increased to 35.8% in

2004 and 49.2% in 2009.
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Figure 3-1 - Annual proportions of pregnancies in THIN with smoking status recorded during gestation (2000-2009)

(o))
o
|

(&)
o
|

NN
o
I

N
o
|

-
o
|

0_
I I I I I I I I I I
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Percentage of pregnancies with recording
of smoking status during gestation (%)
w
o
|

Year

——aA—— Imputing data based on QOF

—»——  Without imputing data based on QOF

76



3.5.3 Factors associated with recording of maternal smoking status

during pregnancy

Table 3-3|shows variations in the recording of smoking status during pregnancy

by women’s sociodemographic characteristics and morbidities in the pre-QOF
and post-QOF time periods. Overall, the magnitude of effect of the associations
between most maternal characteristics and recording of smoking status during
gestation was higher in the post-QOF period compared to the pre-QOF period.
The recording of smoking status during pregnancy varied with socioeconomic
status such that pregnant women from the most deprived group (quintile 5)
were 17% more likely to have their smoking status recorded during pregnancy
than pregnant women from the least deprived group (quintile 1) before the
implementation of the QOF (OR 1.17, 95% CI 1.10-1.25) and 42% more likely
afterwards (OR 1.42, 95% CI 1.37-1.47). Similarly, pre-QOF pregnant women
with a diagnosis of asthma were 63% more likely to have their smoking status
recorded during pregnancy than pregnant women without asthma (OR 1.63,
95% CI 1.53-1.74) and post-QOF pregnant women with asthma were over twice
as likely to have their smoking status recorded during pregnancy (OR 2.08, 95%
CI 2.02-2.15). Having a diagnosis of diabetes was not associated with the
recording of gestational smoking status pre-QOF (unadjusted OR 1.17, 95% CI
1.00-1.36), (p=0.290). However, post-QOF it was associated with a 12%
increase in the odds of recording of gestational smoking status (OR 1.12, 95%
CI 1.05-1.19). Recording of smoking status during pregnancy was also related to
hypertension and mental illness. In both time periods the odds of a woman
having her smoking status recorded during pregnancy were greater at younger
ages compared with older ages and also greater in overweight and obese
women. However, the magnitude of effects and corresponding Cls in the pre-

QOF and post-QOF periods overlapped.
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Table 3-3 - Odds of having smoking status recorded during gestation by women's characteristics pre-QOF and post-QOF

Pre-QOF(January 2000- March 2004)

Post-QOF(April 2004-December 2009)

UOR (95% CI) p-val AOR (95% CI) p-val UOR (95% CI) p-val AOR (95% CI) p-val
Age at conception
15-19 years 1.48 (1.37 - 1.60) 1.56 (1.44 - 1.70) 1.66 (1.59-1.74) 1.62 (1.54 - 1.69)
20-24 years 1.24 (1.17 - 1.32) 1.22 (1.15-1.30) 1.29 (1.25-1.32) 1.24 (1.20 - 1.28)
25-29 years 1 <0.001 1 <0.001 1 <0.001 1 <0.001
30-34 years 0.92 (0.87 - 0.97) 0.95 (0.91 - 1.00) 0.80 (0.78-0.82) 0.84 (0.82 - 0.86)
35-39 years 0.94 (0.88 - 0.99) 0.99 (0.93 - 1.05) 0.78 (0.75-0.80) 0.83 (0.80 - 0.85)
40-44 years 0.93 (0.83 - 1.05) 0.99 (0.88 - 1.12) 0.76 (0.72-0.81) 0.80 (0.76 - 0.85)
45-49 years 0.95 (0.59 - 1.53) 0.99 (0.61 - 1.60) 0.74 (0.59-0.93) 0.77 (0.61 - 0.97)
Townsend Score
Quintile 1 (least deprived) 1 1 1 1
Quintile 2 1.03 (0.78 - 1.09) 1.01 (0.95 - 1.07) 1.16 (1.12-1.19) 1.12 (1.09 - 1.16)
Quintile 3 1.09 (1.03-1.16) <0.001 1.03(0.97-1.10) <0.001 1.28(1.24-1.32) <0.001 1.18(1.14-1.21) <0.001
Quintile 4 1.18 (1.11 - 1.25) 1.07 (1.00 - 1.13) 1.45 (1.40-1.49) 1.26 (1.22 - 1.30)
Quintile 5 (most deprived) 1.34 (1.25 - 1.42) 1.17 (1.10 - 1.25) 1.69 (1.64-1.75) 1.42 (1.37 - 1.47)
Missing 1.14 (1.04 - 1.25) 1.06 (0.97 - 1.16) 1.47 (1.41-1.54) 1.34 (1.29 - 1.40)
Body Mass Index (kg/m?)
Underweight(<18.0) 1.01(0.88-1.14) 0.92 (0.81 - 1.05) 1.16 (1.10-1.24) 1.03 (0.97 - 1.10)
Normal(18.0-24.9) 1 1 1 1
Overweight(25-29.9) 1.07 (1.01-1.13) <0.001 1.06(1.00-1.13) <0.001 1.06(1.03-1.09) <0.001 1.05(1.02-1.09) <0.001
Obese(>=30) 1.21 (1.13-1.30) 1.16 (1.08 - 1.25) 1.19 (1.16-1.23) 1.11 (1.08 - 1.15)
Missing 0.63 (0.60-0.66) 0.63 (0.60 - 0.66) 0.91 (0.89-0.93) 0.90 (0.88 - 0.92)
Asthma 1.80 (1.69-1.92) <0.001 1.63(1.53-1.74) <0.001 2.19(2.12-2.25) <0.001 2.08(2.02-2.15) <0.001
Hypertension 1.32 (1.18-1.48) <0.001 1.26(1.12-1.41) <0.001 1.17(1.11-1.24) <0.001 1.19(1.12-1.26) <0.001
Diabetes 1.17 (1.00-1.36) 0.045 - F -F 1.11 (1.05-1.18) <0.001 1.12(1.05-1.19) <0.001
Mental illness 1.42 (1.34-1.51) <0.001 1.32(1.24-1.41) <0.001 1.37(1.33-1.41) <0.001 1.26(1.22-1.30) <0.001

UOR=unadjusted odds ratio, AOR=adjusted odds ratio, CI=confidence interval, QOF=Quality and Outcomes Framework, * Diabetes not significant in the final model
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3.6 DISCUSSION

3.6.1 Principal findings

Using a large population-based dataset this study found that the recording of
smoking status during pregnancy in primary care has improved with time such
that the proportion of pregnancies with a recording of smoking status during
gestation was 8.8% in 2000 rising to 43.3% in 2009. The odds of a woman’s
smoking status being recorded during pregnancy was related to age,
socioeconomic deprivation, BMI and QOF-incentivised morbidities such as
asthma, diabetes, hypertension and mental iliness. This indicates that even
though there are no QOF targets specific to pregnancy, the QOF has had an

influence on the completeness of smoking status recording during pregnancy.

3.6.2 Strengths and limitations

This is the first study to assess the completeness of recording of smoking status
during pregnancy in UK primary care medical records at a national level with
over 200,000 pregnancies. The study is also novel in that it assesses the
association between maternal characteristics and the recording of smoking
status during pregnancy, taking into account the effects that the QOF had on the
overall recording trends. Additionally, the code lists used to defined smoking
status were quite exhaustive including medical Read codes, smoking cessation
drug prescription codes and AHD codes related to smoking cessation advice,
increasing the sensitivity to identify any smoking related recording in the
women’s primary care data. However, only electronically-coded data in primary
care records were used and no free-text data (additional uncoded data that the
GPs might add in patient notes to elaborate on the patient’s condition)mwhich
may provide additional information on the smoking status of women , were

available.
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Due to the infrequency of smoking status recordings during pregnancy the
recording of smoking status throughout pregnancy was assessed compared to
smaller time windows during pregnancy such as in each trimester, which may be
more appropriate given that smoking status can fluctuate during pregnancyEA
potential explanation for a high proportion of pregnancies in which smoking
status was not recorded could be that although this information is part of the
hand-held maternity notesl"jl(mandatory paper notes that women carry with
them throughout pregnancy) it may not be transcribed onto the GP electronic
records. Another reason could be that if a woman’s smoking habit did not
change after she became pregnant, GPs may be less likely to re-enter this
information into medical records as there is no specific financial incentive for
assessing and recording smoking status in pregnant women. Furthermore, as
the QOF does not require GPs to record the smoking status of ‘never smokers’
after the age of 25, there is no financial incentive for them to update smoking
status in the medical records of women who have never smoked. Similarly, ex-
smokers need only be asked about their smoking status annually until they have
been a non-smoker for three years. When smoking status was recalculated
based on these rules, the annual trends in the completeness of smoking data
during pregnancy did not vary much from the trends using the original data,
however each woman only had 4.5 years of follow-up so for older women who

had been non-smokers for life recording may be especially low.

3.6.3 Comparison with current literature

Overall, a steady improvement has been observed in the recording of smoking
status during pregnancy in the primary care data. The proportion of pregnancies
with a gestational smoking record in this study increased by approximately 2%
per year between 2000 and 2002. Since the late 1990s there has been an
increased focus on the harms of tobacco use in the UK, with, for example, the

publication of the Government White Paper ‘Smoking Kills” in 1998 with a
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specific objective of offering help to pregnant women to quirjland the
establishment of NHS-SSS specifically tailored for pregnant women from 2001
onwardsliIThis changing tobacco control environment may have made these
pregnant smokers more willing to approach their GPs for help to quit, and
focused GPs’ attention on encouraging cessation in their patients, thereby
increasing the proportion of pregnant women with a smoking status record in
their medical notes. The proportion of pregnancies with a recording of smoking
status rose sharply from 18.0% in 2003 to 32.4% in 2004, after which it
increased slowly until 2009. The most plausible explanation for this marked
increase between 2003 and 2004 is GPs’ awareness of the impending
introduction of the 2004 GP contract.lﬂSimilar improvements in the recording
of smoking status have been seen in the general population. A study using
primary care data for over 300 practices throughout the UK found that, although
rates of recording of smoking status in patients’ electronic medical records had
been increasing gradually since the year 2000, the rate of improvement
accelerated from 2003, with an 88% increase observed between the first quarter
of 2003 and the same period in 2004, just before the introduction of the QOFIﬂ
This suggests that the introduction of the QOF resulted in better recording of
smoking status in the general population which has spilled over into greater

recording in pregnancy observed in this study.

For socioeconomic deprivation, asthma and diabetes the magnitude of effect of
the association with smoking status recording was observed to be stronger after
the introduction of the QOF. Pre-QOF, preghant women from the most deprived
group were 17% more likely to have their smoking status recorded during
gestation compared to 42% post-QOF. Smoking prevalence is generally higher in
lower socioeconomic groups in both the general population as well as amongst

pregnant womer>’|and the smoking status of smokers is more likely to be

188-190

recorded than that of nhon-smokers which likely explains more complete
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recording in pregnant women from lower socioeconomic groups. Furthermore,
low socioeconomic status is associated with a higher prevalence of chronic
diseases such as hypertension, diabetes, asthma and depression.liIThe QOF
encourages improved clinical management of these patients, who post-QOF may
have had more frequent contacts with their GP and thus have had more chance
of being asked about their smoking behaviour, increasing the gradient of the
association between socioeconomic status and smoking status recording,

reflecting that recording, and thus hopefully monitoring, is more complete where

1924195

it is most needed. Asthma is the most common pre-existing condition

encountered during pregnancyliland can be exacerbated by smokinglﬂwhich
may explain the high magnitude of association between asthma and recording of
smoking status compared to other conditions like diabetes (which affects
approximately 2-5% women of reproductive ageﬁand hypertension (0.6-2.7%
during pregnancy)rjIWomen with a higher BMI have an increased risk of
complications during pregnancy and therefore are more likely to visit their

GPs They are also more likely to be smokerﬁwhich in turn makes them

more likely to have a recording of smoking in their primary care record.

The findings from this work are similar to those from a study in the general
population which found that primary care patients with smoking-related chronic
medical conditions and greater social deprivation were more likely to have a
recent recording of smoking status or cessation advice in their medical
recordslil However, the magnitude of effect in the general population study for
all morbidities was much higher than what this study found, possibly because
currently pregnancy is not a QOF-incentivised condition for recording of smoking
and because the pregnant population are generally healthier and younger on

average than the whole population in general practice.
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3.7 CONCLUSIONS

In conclusion, smoking status of women during pregnancy was found to be
recorded in less than half of the study population. This clearly highlights a
missed opportunity in primary care considering that over three-quarters of

pregnant women see their GP early in their pregnancy|i|

In relation to the further work in this thesis, even for women with a recording of
smoking status during pregnancy in primary care, data may not capture the
changes in their smoking status accurately as over three-quarter of these
women only had a single smoking related record during pregnancy. This makes
it hard to establish if the women smoked throughout pregnancy or quit during
the course of pregnancy. It would also mean that if a cohort of pregnant
smokers was to be created using gestational smoking records, it may not include
all women who may have smoked during pregnancy simply because no
information was recorded. This raises questions on the utility of these data to
generate population-level estimates on smoking during pregnancy which will be

explored further in the following chapter.
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4 COMPARISON OF SMOKING PREVALENCE
ESTIMATES FROM THIN DATA TO OTHER DATA

SOURCES

4.1 INTRODUCTION

As discussed earlier, reducing smoking in pregnancy to 11% or less by 2015 is
one of the national goals set in the 2011 White PaperEIInformation on maternal
smoking is therefore important to monitor the progress towards this national

goal and also to assess the effectiveness of the interventions currently in place

for smoking cessation (discussed in Section|1.4.2). Electronic primary care data

are collected routinely and have the power to provide estimates for the whole of
the UK as well as constituent countrieslfITherefore, these data such as THIN
could potentially provide comprehensive and timely population-level data on
smoking prevalence during pregnancy. Findings from the previous chapter show
that even in recent years, smoking status was recorded in less than 50% of
pregnancies. However, the completeness of the smoking data were be improved

approximately 8% by making various assumptions based on the QOF recording

rules discussed in Section|3.2| The next step in the quality assessment of

smoking status data during pregnancy in primary care is to examine whether the
prevalence obtained using these recordings in THIN is representative of the
population-level prevalence of smoking in pregnancy. This is important firstly to
assess the potential utility of primary care data such as THIN in providing
population-level estimates of maternal smoking during pregnancy and secondly
to establish an appropriate cohort of pregnant smokers which can be used for
further analyses in this thesis. Hence, this chapter compares the prevalence of
maternal smoking during pregnancy in THIN with the smoking prevalence

measures obtained from other available data sources in the UK, with certain
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assumptions based on the QOF, to assess the validity of recorded maternal

smoking prevalence during pregnancy in THIN.

This study was published in the Journal of Public Health in October 2014 and is

attached as Appendix|10.3

4.2 CURRENTLY AVAILABLE DATA SOURCES IN THE UK TO PROVIDE
PREVALENCE OF MATERNAL SMOKING DURING PREGNANCY

The UK currently has four data sources that provide population-level estimates

of smoking during pregnancy. Each data source measures smoking differently, at

different points in and around pregnancy and has its strengths and limitations.

Table 4-1|presents the summary of the important characteristics of these data

sources and their strengths and limitations. Annual estimates for maternal

smoking during pregnancy, for these data and other individual studies are

described in Appendix|[10.9]and were shown in Section|1.3.2||Figure 1-1| Annual

estimates of maternal smoking in pregnancy from each of these data will be

compared to estimates from THIN in this study.
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Table 4-1 - Summary of available data sources to measure smoking during pregnancy in the UK

Data source | Data Country | Sampling Sample size Data Time at Definition of | Strengths Limitations
collectio frame and | # (% of collection which data smoking
n method national method on smoking
interval births) in
pregnancy
are
collected
Infant Every 5 UK Random 22,400 (2.7% | Postal 6-8 weeks Several self- Smoking Data only
Feedin years (England | sample of of all births in | survey after birth reported estimates collected at 5
Surveyl%EBFi—l , live births in | the UK administere measures for overall years intervals
El Scotland, | England and d by the available: UK and each | Retrospective
Wales, Scotland National smoking prior | constituent reporting of
Northern | and all Health to country smoking status
Ireland) births in Service pregnancy; Smoking Low response
Wales and Information ever smoking | status rates (approx.
Northern Centre during presented 52%)
Ireland in pregnancy; by socio- Results published
study period quitting on demographi | at least a year
confirmation c factors after survey
of pregnancy; | Measures completion
quit/cut down | smoking
attempts cessation
during during
pregnancy; pregnancy
smoking at
delivery.
Smoking Collected England Aims to 359,763 Midwife- At delivery Self-reported | Data Limited to
Status at continuall capture all (52.1% of all survey (in smoking collected England
Time of y and live births births in hospital status at and Data collected
Delivery reported and Englandm maternity delivery reported at postnatally
(SATODI®™] quarterly stillbirths units) a local level | No assessment

of smoking by
sociodemographi
c factors
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Smoking Data | Collected Scotland | All pregnant | 57,398 (100% | Midwife First Self-reported | Provides Limited to
collected as continuall women of all survey (in antenatal smoking measures of | Scotland
part of the y and attending an | maternities in | hospital or booking status at the never / ex Does not give
Scottish reported antenatal Scotland community) | appointment time of smoking estimates for the
Morbidity by booking (usually booking along with whole duration of
Record financial appointment between 8-12 current pregnancy
(SMRﬂm_Tl year (pregnancie weeks smoking
s may end gestation) Provides
in live birth annual rates
or stillbirth) by age and
socio-
economic
status
Pre-school Collected Scotland | Aims to 51,746 (92% Survey Approximatel | Self-reported | Provides Limited to
component of | continuall capture all of all live administere | y 10 days smoking data on Scotland
the Child y and live births births in d by public after birth status at the smokers Data collected
Health reported Scotlandﬂzﬂ health nurse time of and non- postnatally only
Systems by Gl or health survey smokers by | Does not
Programme financial visitor approximatel | age and specifically ask
(CHSPE year y 10 days socio- about smoking
after delivery | economic during pregnancy
status

FSample sizes for each wave vary therefore sample sizes for 2010 described in the table for reference
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4.3 METHODS

The study population included all pregnancies recorded in THIN between 2000
and 2009 in women of reproductive age. To prevent the risk of using the same
pre-conception smoking status for women in their subsequent pregnancies if the
smoking records were not updated only one random pregnancy per woman was

chosen.

4.3.1 Comparing the prevalence of smoking in pregnancy in THIN with
other data sources
For each woman all smoking status records in THIN before and during pregnancy

and up to 10 days after delivery were extracted in a similar way as described in

Section|3.4.2| A period of 10 days after delivery was included to allow

appropriate comparisons with the Child Health Systems Programme (CHSP) data
which collects smoking information approximately 10 days postpartumlehere
a Read code did not clearly indicate current smoking (e.g. 137X.00 - Cigarette

consumption) further information on smoking status was assessed from the AHD
and therapy files. This included the number of cigarettes smoked, or presence of
prescriptions for smoking cessation medications. If no additional information was

found, the recording was labelled as unknown smoking status.

For each comparison, woman’s smoking status was determined in a slightly

different way (Figure 4-1). The annual prevalence of smoking during pregnancy

as recorded in THIN (as a proportion of all births in that year) was then
compared against the prevalence measures from the Infant Feeding Survey
(IFS), Smoking status at Time of Delivery (SATOD), Scottish Morbidity Record
data (SMR) and CHSP data. Each comparison made in the study used a slightly

different population of women from THIN and assessed smoking status at a
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different point in time in pregnancy to reflect the nature of the data collection in

the source being compared

Table 4-2).
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Figure 4-1 - Example of a woman's smoking records in primary care and smoking status used for each comparison
Comparison with IFS/SATOD. Latest smoking status before delivery

Pre-conception

Never Current Ex-
smoker smoker smoker

Ex- Ex-
smoker smoker

Current Current
smoker smoker

Comparison with CHSP. Latest smoking status up to 10 days postpartum

| Pre-conception |

T pregnancy | postpartum L

Never Current Ex-
smoker smoker

Ex- Ex-

Current  Current
smoker smoker smoker

smoker smoker

Comparison with SMR. Earliest smoking status in pregnancy

I Pre-conception |

T T T

Never Current Ex-
smoker smoker smoker

Ex- Ex-

Current  Current
smoker smoker

smoker smoker

Smoking status in red denotes the one used for each comparison
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Table 4-2 - THIN comparisons with the currently available data in the UK

Survey Time at which Years THIN population used for Timing of records considered to
survey assesses compared with comparison define smoking status in THIN
smoking THIN
prevalence

Infant Feeding Survey | At delivery 2000, 2005 Data from all UK practices Last smoking status recording between
(IFS) (n=495) conception and delivery

Smoking Status at At delivery 2006-2009 Data from English practices Last smoking status recording between
Time of Delivery (n=378) conception and delivery

(SATOD)

Scottish Morbidity At booking (8-12 2000-2009 Data from Scottish practices | First smoking status recording between
Record (SMR) weeks gestation) (n=63) conception and delivery

Child Health Systems 10 days after 2001-2009 Data from Scottish practices | Last smoking status recording between

Programme (CHSP)

delivery

(n=63)

conception and 10 days after delivery
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Estimates of smoking prevalence from the IFS were derived from the raw
datasets of individual women’s survey responses, available from the UK Data
Service The IFS only asked about smoking status 6-8 weeks after birth so
women were classified as smoking at delivery if they reported that they tried to
give up smoking during pregnancy but started again before delivery, if they tried
to cut down on the amount smoked during pregnancy, or if they did not try to

cut down during pregnancy. Estimates of the prevalence of smoking from

SATOD, SMR and CHSP were obtained from the published reportsl'mrl 703

4.3.2 Imputing smoking status where women had no record during the
gestational period
Initially, only records of smoking status documented in THIN after the date of
conception were used to determine smoking status during pregnancy. However,
if a woman’s smoking status was not recorded during gestation, pre-conception
records of smoking status were assessed to identify women who smoked before
pregnancy and may have continued during pregnancy. Based on the QOF rules
for the recording of smoking status in the general population, which from April
2004 to March 2006 required the smoking status of patients aged 15 or over to
be recorded at least once in primary care records, and since April 2006 have
required records to be updated every 27 months, two cut-off points for including
pre-conception information were usedliIFirstly, a cut-off of 27 months before
conception was used and women were recoded as smokers if their last smoking
record in the 27 months before conception indicated smoking. Finally, if a
woman did not have her smoking status recorded either during pregnancy or in
the 27 months before conception, any smoking information recorded in their

primary care data since registration was included.
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4.4 RESULTS

4.4.1 Population of pregnancies in THIN

The total study population consisted of 215,703 pregnancies from 495 practices
across the UK; 177,010 of these women were registered with a GP in England
and 20,188 were in Scotland. Out of the 495 practices contributing to THIN 378
were from England and 63 were from Scotland. The mean age at conception was

29.5 years (sd 5.9 years).

4.4.2 Comparison with IFS data

Figure 4-2|shows the prevalence of smoking at the time of delivery in women in

THIN in relation to the corresponding measures in the IFS. Annual trends could
not be compared as there were only two data points available. In 2000, none of
the three prevalence estimates using THIN data were comparable to the IFS
estimates. In 2005, smoking prevalence including data recorded up to 27
months before conception from THIN was slightly higher than the IFS estimate
(17.0% vs. 20.9% respectively) however THIN prevalence using gestational
smoking records was approximately seven percentage points lower than the IFS
estimate. The THIN estimates were only available until 2009 therefore
comparisons for the 2010 estimates were not possible. However, the IFS
prevalence of smoking at delivery decreased to 11.6% in 2010 which is in good
agreement with the THIN prevalence of (10.2%) in 2009 using gestational

smoking records.
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Figure 4-2 - Comparison of maternal smoking prevalence during pregnancy from IFS and THIN
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4.4.3 Comparisons with SATOD data

When using smoking data recorded any time before delivery, the prevalence of
smoking during pregnancy recorded in THIN was approximately seven
percentage points higher than the SATOD estimates from 2006 to 2009. In
comparison, the THIN prevalence considering data recorded up to 27 months
before conception was approximately four to five percentage points higher over
the four years of available data, while the THIN prevalence considering only

records of smoking recorded during the gestational period was five percentage

points lower than the SATOD estimates (Figure 4-3).
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Figure 4-3 - Comparison of maternal smoking prevalence during pregnancy from SATOD and THIN
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4.4.4 Comparisons with CHSP data
Using only records of smoking status entered during the gestational period, the

THIN prevalence of maternal smoking status was low until 2004 (e.g. 43% of

the CHSP prevalence of 23.1% in 2004) (Figure 4-4). It was 12.9% in 2009,

approximately seven percentage points lower than the corresponding CHSP
prevalence of 19.5%. Using smoking information recorded in the 27 months
before pregnancy, the prevalence in CHSP and THIN converged in 2005. After
this the THIN estimates were slightly higher than the CHSP estimates, such that
in 2009 the THIN prevalence using data recorded up to 27 months before
preghancy was 22.9% compared to the CHSP prevalence of 19.5%. The
prevalence estimates using data recorded ever before delivery were only slightly
higher than the estimates using the data recorded up to 27 months before

conception.
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Figure 4-4 - Comparison of maternal smoking prevalence during pregnancy from CHSP and THIN
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4.4.5 Comparison with SMR data
Using smoking status data recorded during the gestational period, the THIN

prevalence was much lower than the SMR prevalence until 2004 (56% lower

than the SMR prevalence of 23.8% in 2004, as shown in|Figure 4-5). Prevalence

in THIN was 13.8% in 2009 but was still 23% lower than the corresponding SMR
prevalence of 18.1%. When including smoking information recorded up to 27
months before conception the two lines converged in 2005; in 2009 smoking
prevalence in THIN was 23.8% using data recorded up to 27 months before
conception and smoking prevalence using data recorded any time before

pregnancy was 24.5% compared to the SMR prevalence of 18.1%.
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Figure 4-5 - Comparison of maternal smoking prevalence during pregnancy from SMR and THIN
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4.5 DISCUSSION

4.5.1 Principal findings

With current levels of completeness of smoking data in primary care records, it
is not possible to produce population level estimates of smoking prevalence
during pregnancy that are directly comparable to those derived from the existing
data sources. The convergence between THIN estimates and estimates from
other data sources has, however, improved over time. The comparability of THIN
data to the SMR and CHSP surveys can be improved by the additional use of
smoking status data recorded in the 27 months before conception but these to

an extent may reflect smoking in general female population.

4.5.2 Strengths and limitations

This is the first study to assess the potential of primary care data to provide
population level estimates of smoking during pregnancy and compare it with
other current data sources in the UK. As discussed earlier, fertility rates in THIN
are comparable to national fertility ratesrjland therefore the ascertainment of
pregnancies is reasonably complete. However, like the other data sources under
comparison, data on smoking status recorded in THIN are self-reported and
women may not accurately report their smoking behaviour, particularly during
pregnhancy where there may be social stigma attached to smoking
Underreporting of smoking during pregnancy may arguably be a particular

problem in the IFS, where women are surveyed six to eight weeks after delivery.

A potential limitation of this work is the inclusion of pre-conception smoking
records to predict smoking status during pregnancy, which may not be an
accurate reflection of women’s smoking status during pregnancy. Studies which
have investigated smoking behaviour in early pregnancy indicate that many

women attempt to quit when they find out they are pregnant or later during
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pregnancylﬁ so it is unlikely that the inclusion of pre-conception records
resulted in an under-estimation of smoking prevalence during pregnancy. It
could however, lead to misclassification of some ex-smokers as smokers,
resulting in an over-estimation of the prevalence of smoking during pregnancy in

THIN. A substantial over-estimation is unlikely as approximately 35-50% of

2074208

pregnancies in the UK are unplanned which means that only some women

are likely to make positive behaviour changes such as quitting smoking before
attempting to conceive. It may, however, hold true for some women who quit on

confirmation of their pregnancy.

Another potential weakness of this study, and of primary care data, is that using
primary care records it is difficult to determine the timing of smoking status
ascertainment in relation to progress through gestation; this makes direct
comparison with other data sources, obtained at booking or delivery, difficult.
Lastly, smoking status during pregnancy is a complex and variable behaviour
and it may fluctuate throughout pregnancylilTherefore, single measures of
smoking such as smoking at booking or smoking at delivery captured in SATOD,
SMR and CHSP data are limited in their usefulness. Although these single
measures may give a snapshot of smoking behaviour at a certain time, they
may not give a complete picture of smoking behaviour throughout pregnancy.
Hence, these data sources may provide population-level prevalence of maternal
smoking at different points relative to pregnancy but do not contain information
on changes in women’s smoking status throughout pregnancy or postpartum
period. IFS data assess smoking behaviour throughout pregnancy in more detail,
albeit collected retrospectively. Nevertheless, these data are collected on a
quinquennial basis and thus may become out of date quickly. A study with
complete pregnancy follow-up and accurate assessment of smoking status and
changes in women'’s smoking behaviour may be required for this. However, if

smoking information was collected and recorded by GPs more frequently
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throughout pregnancy, then primary care data may prove to be very useful to
assess these changes in the smoking status of women during pregnancy but as

shown in this study currently these data are not complete.

4.5.3 Interpretation in light of the current literature

To date, there are no studies assessing the validity of primary care data for
quantifying the prevalence of smoking during pregnancy. A study comparing
smoking prevalence recorded in THIN to smoking prevalence in the general
population (measured by the General Lifestyle Survey (GLF)) found a good
agreement between THIN and the GLF after 2008 and concluded that primary
care data may provide an alternate means of monitoring national smoking
prevalence Despite the smaller sample sizes at regional level, primary care
data have also been shown to be a good means of monitoring regional smoking

prevalence in the general populationlil

The prevalence estimates of smoking during pregnancy from primary care do not
accurately converge with other data sources because, at least in part, smoking

status recording during pregnancy in primary care is incomplete.2°|f|PotentiaI

reasons for this have already been discussed in Section|3.6.3| This was shown in

the previous study in this thesis which found that from 2000 to 2009 smoking
status was only recorded in primary care for 28% of pregnancies. Nevertheless,
this is to an extent similar to conducting a survey on a selected group of
pregnant women from the population where smoking information may only be
available on the women surveyed out of the whole population, which in this case
is only available for women who were asked about their smoking status during

pregnancy out of the whole primary care population of pregnant women.

Another possible explanation for the lower THIN prevalence could be that THIN
over-represents general practices from more affluent areas of the UK. Since

smoking prevalence is lower in women from more affluent groups, this may
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slightly under-estimate the smoking prevalence generated using THIN data and
account for some of the differences between THIN prevalence estimates and

other data sources.

Whilst THIN estimates using only gestational smoking records do not
approximate closely to annual prevalence from other data sources, THIN
estimates using gestational smoking status show a close converging pattern with
the data from SMR (collected at booking) in 2009. This is sensible as women see
their GPs for initial care in pregnancy and implies that primary care data may be
most useful to provide adequate data on smoking prevalence early in pregnancy,
when most women see their GPs for initial care, compared to the time around
delivery, when most women will be cared for essentially in secondary care

facilities.

4.6 CONCLUSIONS

All existing data sources that measure smoking during pregnancy have their
strengths and limitations. Primary care data have a great potential to measure
smoking status during pregnancy at a population level. Although recording of
gestational smoking status in THIN is improving over time, it is not adequately
complete to produce maternal smoking estimates at a population level with most
women just having a single record of smoking status throughout the course of
pregnancy. Periodic recording of smoking status during pregnancy is important
to monitor changes in smoking behaviour throughout pregnancy and to maintain
and improve women’s care before and after delivery. Although this information
may be recorded and updated in hand-held maternity notes, there is currently
no centralised recording system and the information in these notes is lost after
delivery. Better integration of recording systems in primary care and midwifery
services is required to improve communication and relay of relevant medical and

lifestyle information including smoking status.
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In terms of the further work in this thesis, it means that a cohort of pregnant
smokers developed using smoking data recorded during gestation may not be
representative of the UK population of pregnant smokers and some assumptions
including use of pre-conception smoking records may need to be made in order
to capture more women who smoke during pregnancy. Using gestational
smoking records to create a cohort of smokers for studying the trends in the
epidemiology of NRT prescribing in pregnant women in the later chapters will
result in an underestimation of smokers. Therefore, a more exhaustive approach
is needed to define the denominator of smokers for further analysis in this
thesis. Smoking records from 27 months before conception were therefore
included where no gestational smoking records were available. The comparability
of THIN measures with prevalence measures from other data sources increased
by including smoking information recorded within 27 month before conception
and therefore this will provide a more appropriate denominator for further
analysis in the thesis especially after 2004 as the recording of smoking status
improved after the introduction of QOF. Another important consideration which
was highlighted in this chapter was that even when considering the smoking
records from 27 months before conception, the comparisons for earlier years i.e.
2000-2003 are not good, so it may be more appropriate to also use all pregnant
women as a denominator for the later analysis in addition to pregnant smokers
to rule out any bias that may arise due to the changes in smoking data quality

over time.
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5 PRESCRIBING OF NICOTINE REPLACEMENT

THERAPY IN AND AROUND PREGNANCY

5.1 INTRODUCTION

As discussed in Section|1.5] NRT has been available on NHS prescription since

2001; however, it was only in 2003 that the BNF changed its instructions for
NRT use in pregnancy to a caution from a contraindicationm The 2005 MHRA
review concluded that despite a lack of conclusive evidence for efficacy, NRT use
was likely to be less harmful than smoking}”’|consequently broadening the UK
licensing arrangements for NRT to include pregnant women in December 2005|i|
It is now widely available and recommended for smoking cessation in pregnant
women in the UK, based on the theoretical notion that it is safer to use NRT
during pregnancy than to smoke. The BNF clearly states that the use of NRT in
pregnancy is preferable to the continuation of smoking but should be used only

if smoking cessation without NRT failslil

NRT use is also recommended in guidelines for smoking cessation in preghancy,
where cessation without NRT failsljlj However, information on NRT prescribing
and use in pregnant women is lacking worldwide. In light of this, the WHO
recently recommended an urgent need for studies on surveillance of current use
of NRT in pregnancyleiterature describing NRT use in pregnancy is limited to
observational studies from the USA and Denmark assessing the association
between NRT use during pregnancy and adverse birth outcomes. The prevalence
of self-reported NRT used in the first 12 weeks of gestation was 0.3% 2-
2.5% in 17-27 weeks of gestation in the Danish National Birth Cohort and
in the Pregnancy Risk Assessment Monitoring System (PRAMS) from four USA
states it was 3.9% (2004)|j|5ince then, new NRT products have been
introduced and international guidelines on gestational NRT use have changed.

Thus far, only a limited number of studies in the UK have assessed prescribing
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and uptake of NRT during pregnancy in the UK and these studies are either too

smalll_‘jlproviding local data|**°f***|or only including prescribing taking place in

the NHS-SSS It is also important to know the NRT prescribing trends for
pregnant women by different maternal factors as the prevalence of maternal
smoking varies by different maternal factors (e.g. age, socioeconomic status
etclj. Therefore, investigation of factors related to NRT prescribing may give
an insight on the characteristics of women who attempt to quit smoking during
pregnancy and whether targeted interventions are needed for women with
specific characteristics. However, none of these previous studies have assessed
these in detail. The generalisability of the findings from the previous is therefore
limited. Furthermore, none of the previous studies have assessed changes in
prescribing after the relaxation of the licensing arrangements for NRT which is
important to assess the effect of this change on the prescribing rules. Therefore,
this chapter aims to assess the prescribing of NRT in and around pregnancy,
using the UK primary care data. This will potentially provide population-based
estimates for NRT prescribing in pregnant women which can be generalisable to
the whole of the UK, which previous studies have failed to do. The specific

objectives for the study discussed in this chapter are:

1. To examine patterns of NRT prescribing before, during and after
pregnancy

2. To calculate annual prescribing prevalence of NRT before, during and
after pregnancy to inform changes in relation to the MHRA relaxation

3. To assess whether and how NRT prescribing varies by maternal

characteristics

This study was published in the British Journal of General Practice in September

2014 and attached as Appendix|10.4
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5.2 METHODS

5.2.1 Study population

The study population for this analysis was restricted to all pregnancies between
January 2001 and September 2009 in women of childbearing age (15-49 years)
which resulted in either a live birth or a stillbirth, as NRT only became available

on NHS prescription in 2001.

5.2.2 Extracting smoking status, NRT prescribing and other covariates

All prescriptions for NRT were extracted, using multilex drug codes for all the

NRT formulations available in the UK according to the BNF (Appendix|10.6

which may be used by the GPs to prescribe NRT in primary care IilTo
investigate the maternal factors that may be associated with NRT prescribing
during pregnancy, data were extracted on women'’s age at conception,
socioeconomic deprivation as measured by quintiles of the Townsend Index of
deprivationlil pre-conception BMI and recorded diagnoses of medical

conditions (hypertension, diabetes, asthma, and mental iliness) as described in

Section|3.4.3| These conditions are most prevalent in women of childbearing age

SIPSOUTO521IH212

and are closely related to smoking and therefore may also influence

quit attempts made using NRT.

5.2.3 Statistical analysis

The overall and annual proportions of pregnancies with one or more NRT
prescriptions before, during and after pregnancy were determined. This was
repeated restricting the denominator to pregnancies in smokers only (making
use of gestational smoking data and smoking information from 27 months before
conception). A period of nine months before and after pregnancy was used to
calculate prescribing prevalence, as this was similar to the average pregnancy
length allowing for comparisons of period prevalence. There is no evidence of

the time before and after pregnancy during which smokers are more likely to
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attempt to quit. However, since nine months is a comparatively long time and
smoking behaviours may fluctuate during this time, prescribing prevalence of
NRT was also assessed in smaller three month windows before, during and after
pregnancy. In addition, the use of different forms of NRT (patches, gum, nasal
spray, lozenges, sublingual tablets, and inhalator cartridges) and combination
NRT was also assessed. Oromucosal nicotine spray was first authorised for use in

November 201C|i|and therefore was not included in this analysis.

Logistic regression was used to calculate ORs for associations between women’s
characteristics and NRT prescribing to smokers during pregnancy, restricting the
analysis to pregnancies delivered between January 2006 and December 2009
since NRT was not licensed for use in pregnancy until December 2005 and
therefore prescribing was not expected to be very frequent. Likelihood ratio tests
(LRT) were used to assess the associations with categorical covariates and Wald
p-values were used for binary covariates. All covariates that reached statistical
significance (p<0.05) in the univariable analysis were initially included in the
multivariable analyses and each covariate was sequentially dropped from the
model to assess whether the associations were still significant. Covariates that
reached statistical significance (p<0.05) in the multivariable analysis were
retained in the final model. As some women had more than one pregnancy
during the study period, this potential clustering of pregnancies within women

was accounted for by calculating robust CIs around the odds ratios using the

180181

clustered sandwich estimator, which is explained in Section|3.4.4

5.2.4 Sensitivity analysis

In addition to calculating overall proportions, rates of prescriptions per 1,000
person-years were also calculated as this allowed for better categorisation of
time windows before, during and after pregnancy (nine months), controlling for

possible fluctuations in smoking status. The study time was split into times
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before, during and after pregnancy to accurately assess the rates of NRT
prescribing for smokers in each of the three time periods. Smoking was treated
as a time-varying covariate using lexis expansion i.e. women’s smoking status

was allowed to change at every point of smoking status recording in their

primary care data to capture women’s smoking episodes more accurately.|Figure

5-1]explains the step-by-step splitting of the follow-up time for each woman by

pregnancy time and smoking status. The follow-up time was further split into
times before and after the relaxation of NRT licensing arrangements in
December 2005. The rates of NRT prescriptions per 1,000 person-years were
calculated before, during and after pregnancy in two time periods (2001 to 2005
and 2006 to 2009). Finally, rate ratios and 95% CIs were calculated to compare
prescribing in smokers before and after the relaxation of licensing arrangements

in the three time periods, using poisson regression.
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Figure 5-1 - Step-by-step splitting of the study follow-up time by smoking status and pregnancy time
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5.3 RESULTS

5.3.1 Baseline characteristics

A total of 201,465 women were identified with 255,411 pregnancies resulting in
live births or stillbirths between January 2001 and December 2009, of which
45,045 (18%) were pregnancies of mothers classified as smokers. The mean

age at conception was 29.5 years (sd 5.9) and the average length of pregnancy

was 39.4 weeks (sd 2.2).[Table 5-1|describes women’s characteristics for all

preghancies and pregnancies among smokers, and NRT prescribing prevalence
according to these characteristics. In the whole population, asthma, diabetes,
hypertension and mental iliness affected 9%, 2%, 3% and 9% of pregnancies
respectively. Only the prevalence of asthma and mental illness were higher in

smokers.
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Table 5-1 - Baseline characteristics of the study population

Total Pregnancies with an NRT Pregnant smokers* Pregnant smokers with an NRT
pregnancies prescription (total n=4,826) (n=45,045) prescription (n=4,826)
(n=255,441)

Age at Conception

15-19 years 19,212 636 (3.3%) 6,716 623 (9.3%)
20-24 years 43,569 1,227 (2.8%) 12,300 1196 (9.7%)
25-29 years 69,159 1,237 (1.8%) 11,620 1223 (10.5%)
30-34 years 78,034 1,103 (1.4%) 9,246 1086 (11.7%)
35-39 years 38,764 527 (1.4%) 4,412 523 (11.9%)
40-44 years 6,384 90 (1.4%) 712 89 (12.5%)
45-49 years 319 6 (1.9%) 39 6 (15.4%)
Townsend score in quintiles **

Quintile 1 - least deprived 57,859 486 (0.8%) 5,339 474  (8.9%)
Quintile 2 47,841 586 (1.2%) 6,118 582 (9.5%)
Quintile 3 49,670 921 (1.9%) 8,797 904 (10.3%)
Quintile 4 47,292 1,315 (2.8%) 11,376 1,295 (11.4%)
Quintile 5 - most deprived 36,103 1,188 (3.3%) 10,515 1,166 (11.1%)
Missing 16,676 330 (2.0%) 2,900 325 (11.2%)
Pre-conception Body Mass

Index

Normal(18.0-24.9) 80,003 1,502 (1.9%) 15,040 1,483 (9.9%)
Underweight(<18.0) 5,871 152 (2.6%) 1,630 151 (9.3%)
Overweight(25-29.9) 38,931 784  (2.0%) 7,306 771 (10.6%)
Obese(>=30) 26,753 617 (2.3%) 5,500 603 (11.0%)
Missing 103,883 1,771 (1.7%) 15,569 1,738 (11.2%)
Asthma 21,884 678 (3.1%) 5,216 670 (12.8%)
Hypertension 6,885 107  (1.6%) 966 107 (11.1%)
Diabetes 5,971 114  (1.9%) 939 114 (12.1%)
Mental illness 24,178 947 (3.9%) 7,166 937 (13.1%)

*recorded as current smoker within 27 months before conception until delivery, **socioeconomic status
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5.3.2 Patterns of NRT prescribing in and around pregnancy

NRT was prescribed in a total of 4,826 pregnancies, which represents a

prescribing prevalence of approximately 2% of all pregnancies and 11% of

pregnancies in smokers. In comparison, the prescribing prevalence was 1%

during both the nine months before and after pregnancy and approximately 5%

in pregnancies in smokers.

Figure 5-2

shows the prescribing prevalence in each

three-month period before, during and after pregnancy in all pregnant women

and|Figure 5-3[shows the prescribing prevalence among pregnant smokers.

Among smokers, NRT prescribing was more prevalent during the first and

second trimester, with a prescribing prevalence of just over 5% in each

compared to approximately 2.5% in the third trimester, which was similar to the

periods before and after pregnancy.
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Figure 5-2 - Proportion of all pregnancies with NRT prescription in each three month period, between 2001 and 2009
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Figure 5-3 - Proportion of pregnant smokers with NRT prescription in each three month time period, between 2001 and 2009
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Among the 4,826 women who were prescribed NRT during the nine months of
pregnancy, over half of these (56%) were only issued one prescription for NRT.
Another quarter of these women were prescribed NRT on two separate
occasions. The maximum number of prescriptions issued during pregnancy was
26. On average, women were prescribed a total of 2 weeks’ worth of NRT (IQR
1-2 weeks). The frequency of NRT prescribing nine months before and after
pregnancy was similar to the pattern within pregnancy, with over half of the
women receiving only a single prescription for NRT in each nine month period.
In approximately two thirds of the pregnancies in which NRT was prescribed
during gestation NRT prescribing was initiated only during pregnancy; there
were no records of NRT prescriptions in these women’s primary care data prior
to the start of pregnancy. The most common form of NRT used during
pregnhancy was transdermal patches (approximately 70% of all prescriptions),
followed by inhalator cartridges (14%), gum (9%), lozenges (5%), sublingual

tablets (3%) and nasal spray (0.5%). The distribution of NRT forms prescribed

before and after pregnancy was very similar.|Figure 5-4|describes the

distribution of different forms of NRT prescribed before, during and after
pregnancy. Prescribing of combination NRT was observed in 471 (10%) of the
4,826 women where NRT was prescribed during pregnancy, 204 (8%) of 2,645
mothers with NRT prescriptions before pregnancy and 273 (11%) of 2,410

mothers with NRT prescriptions after pregnancy.
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Figure 5-4 - Use of different forms of NRT before, during and after pregnancy
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5.3.3 Annual prescribing of NRT before, during and after pregnancy

Figure 5-5|shows the annual proportion of pregnancies and|Figure 5-6[shows the

proportion of pregnancies in smokers between 2001 and 2009 where NRT was
prescribed before, during and after pregnancy. In 2001, the prescribing
prevalence of NRT during pregnancy, taking all pregnancies as the denominator,
was 0.03% (0.7% in pregnancies in smokers). This increased to 2.6% (11.5% in
pregnancies in smokers) in 2005 after which it remained stable such that in
2009 the prescribing prevalence of NRT in all pregnancies was 2.6% (11.2% in
pregnancies in smokers). The overall prescribing prevalence of NRT during
pregnancy between 2001 and 2005 (i.e. before the relaxation of licensing
arrangements) was 1.1 %( 9.6% in pregnancies in smokers) and increased to
2.5% (11.1% in pregnancies in smokers) for the period of 2006-2009 (time
after the relaxation of licensing arrangements). NRT prescribing prevalence in
the nine months before and after pregnancy increased until 2005 after which it

remained stable at around 1% (6% in smokers), with a slight decline after 2006.
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Figure 5-5 - Annual prescribing prevalence of NRT in all pregnancies
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Figure 5-6 - Prescribing prevalence of NRT in pregnant smokers
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5.3.4 Prescribing of NRT by maternal characteristics

Table 5-2[shows the maternal characteristics associated with prescribing of NRT

within pregnant smokers between 2006 and 2009. Pregnant smokers from more
deprived groups were more likely to receive an NRT prescription compared to
pregnant smokers from less deprived groups (OR for Quintile 5 compared to
Quintile 1= 1.33, 95% CI 1.14-1.52) and older pregnant smokers were more
likely to receive NRT than younger smokers (OR for 30-35 years compared to
25-30 = 1.21, 95% CI 1.09-1.35). Pregnant smokers with a diagnosis of asthma
were 34% more likely to be issued an NRT prescription in primary care
compared to pregnant smokers without asthma (OR 1.34, 95% CI 1.21-1.50). In
addition, pregnant smokers with a diagnosis of mental iliness were 29% more
likely to receive a prescription for NRT during pregnancy compared to pregnant

smokers without mental illness (OR 1.29, 95% CI 1.18-1.43).
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Table 5-2 - Prescribing of NRT during pregnancy in smokers by maternal characteristics between January 2006 and
December 2009

Demographic variables Pregnant smokers with one or Unadjusted Odds Ratio p-value
more NRT prescriptions (95% CI)

(n=3,160)

Adjusted Odds p-value
Ratio (95% CI)**

Age at conception

15-20 years 430 (10.1%) 0.91 (0.80-1.02) 0.89 (0.78-1.00)

20-25 years 833 (10.6%) 0.96 (0.86-1.06) <0.001 0.94 (0.85-1.04) <0.001
25-30 years 801 (11.0%) 1 1

30-35 years 692 (12.8%) 1.19 (1.07-1.32) 1.21 (1.09-1.35)

35-40 years 337 (12.5%) 1.15 (1.00-1.32) 1.18 (1.03-1.35)

40-45 years 63 (13.8%) 1.29 (0.98-1.69) 1.28 (0.97-1.69)

45-49 years 4 (16.7%) 1.61 (0.55-4.73) 1.58 (0.53-4.71)
Townsend score

Quintile 1 (least deprived) 285 (9.4%) 1 1

Quintile 2 384 (10.3%) 1.10 (0.94-1.30) <0.001 1.11 (0.94-1.31) <0.001
Quintile 3 611 (11.0%) 1.20 (1.04-1.39) 1.23 (1.05-1.43)

Quintile 4 880 (12.2%) 1.35(1.17-1.56) 1.39 (1.20-1.61)

Quintile 5 (most deprived) 766 (11.6%) 1.28 (1.10-1.47) 1.33 (1.14-1.52)

Missing 234 (12.6%) 1.39 (1.16-1.67) 1.43 (1.21-1.76)
Pre-conception Body

Mass Index (kg/m?)

Normal(18.0-24.9) 1,036 (11.1%) 0.89 (0.2-1.09)

Underweight(<18.0) 104 (10.0%) 1 0.549 - -
Overweight(25-29.9) 532 (11.3%) 1.02 (0.91-1.35)

Obese(>=30) 433 (11.8%) 1.06 (0.94-1.19)

Missing 1,055 (11.4%) 1.03 (0.94-1.13)

Diabetes * 86 (13.5%) 1.23 (0.98-1.56) 0.078 - -
Hypertension* 71 (12.2%) 1.09 (0.85-1.41) 0.476 - -
Asthma* 477 (14.4%) 1.37 (1.24-1.53) <0.001 1.34 (1.21-1.50) <0.001
Mental illness* 612 (13.9%) 1.34 (1.22-1.47) <0.001 1.29 (1.18-1.43) <0.001

NRT - Nicotine Replacement Therapy, CI - confidence interval, * compared to women without the condition **all covariates

mutually adjusted
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5.3.5 Sensitivity analysis

A total of 201,465 women contributed 669,230 person-years before pregnancy,
927,952 person-years during pregnancy and 971,754 person-years after
pregnancy giving a total person time of 2,568,936 years. The rate of NRT
prescribing during pregnancy in smokers between 2001 and 2005 was 34.1
prescriptions per 1000 person-years (95% CI 34.1-33.0), equating to
approximately 3.4% of women annually. The rate of NRT prescribing in the nine
months before and after in women during pregnancy was 30% lower than the
rates of prescribing during (RR 0.70, 95% CI 0.66-0.73) each. After the
relaxation of licensing arrangements in December 2005 this rate of prescribing
during pregnancy increased to 68.3 per 1000 person-years equating to
approximately 7% of women annually. The gradient between prescribing during
pregnancy and outside increased such that women were 45% less likely to
receive an NRT prescription before pregnancy (RR 0.55,95% CI 0.52-0.58) and
52% less likely to receive a prescription after pregnancy (RR 0.48, 95% CI 0.46-

0.50) compared to during pregnancy.
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Table 5-3 - Time specific rates and rate ratios of NRT prescribing

Exposure time No. of Prescriptions Person-years Rate* 959% CI RR 95% CI
2001-2005

9 months before pregnancy 2,535 107,857 23.5 22.5-24.5 0.70 0.66-0.73

During pregnancy 3,701 108,476 34.1 34.1-33.0 Reference

9 months after pregnancy 1,994 84,671 23.6 22.5-24.6 0.70 0.66-0.73
2006-2009

9 months before pregnancy 2,107 561,373 37.5 35.9-39.2 0.55 0.52-0.58

During pregnancy 5,594 819,476 68.3 66.5-70.1 Reference

9 months after pregnancy 2,892 887,083 32.6 31.4-33.8 0.48 0.46-0.50

*rate of NRT prescribing per 1000 person-years
RR - Rate Ratio, CI - Confidence interval
Total number of women=201,465
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5.4 DISCUSSION

5.4.1 Principal findings

After NRT was made available on NHS prescription in 2001 prescribing in and
around pregnancy increased; by 2005 prescribing was twice as high during
pregnancy as that in the nine months immediately before and after pregnancy,
despite it being contraindicated for pregnant women. The December 2005
licence relaxation to allow prescribing in pregnancy did not further increase
these trends and the prescribing prevalence during pregnancy has remained
stable at 2% (11% in smokers). Women with asthma or mental iliness and those
from more socio-economically deprived areas were more likely to receive
prescriptions during pregnancy. However, 80% women received less than 2

prescriptions, lasting two weeks on average.

5.4.2 Strengths and limitations

This study presents longitudinal and contemporaneous prescribing estimates; it
is the first study of NRT prescribing during pregnancy in the UK primary care and
the only study internationally to assess NRT prescribing trends. The
ascertainment of NRT in this study is based on prescribing data rather than the
self-reported NRT use, which women may under-reportlf'Additionally,
prescribing in the nine month periods immediately before and after pregnancy

has also been assessed in this study, whereas other studies only report NRT use

112-1144129

in trimesters 1-2 Therefore, the findings of this study are novel in that

they present the first estimates of NRT prescribing around pregnancy, which
provides some information on smoking cessation attempts pre-conception and

postpartum.

The data used in this study capture all NRT prescribing to pregnant women in UK
primary care in practices registered in THIN. However, this may not include NRT

prescribing in other settings such as local NHS Stop Smoking Services for
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Pregnant women (SSSP) and NRT purchased over-the-counter or off the shelf.

[2T4]215]

Only 3% of pregnant women use the SSSP on average each yea and a

survey of all SSSPs in England conducted between April 2010 and March 2011
reported that almost half of the NRT provided by these services was issued
through GPsIfIIn terms of self-purchased NRT, this is expected to be infrequent
for several reasons. Firstly, the prevalence of medication use without health
professional consultation is lower during pregnancy than when women are not
pregnantlﬂFurthermore, all NRT packaging, clearly instructs women to consult
a doctor before using this if they are pregnant. Lastly, in the UK women are
entitled to free NHS prescriptions during pregnancy and the first year after
deIiver\iiI so they may be more likely to get free prescriptions through GPs
than paying for NRT. Hence, this study is believed to capture the majority of the

prescriptions of NRT issued.

Some women may quit or relapse after delivery consequently leading to changes
in the denominator of smokers and therefore the NRT estimates could be both
over-estimated if more women relapse than are recorded and under-estimated if
more women quit. Therefore, prescribing prevalence is also reported in all
pregnancies in addition to smokers. Also, in these data over 75% of pregnhant
women who were classified as smokers during pregnhancy and who had a
recording of smoking status within the nine months after delivery were still
recorded to be smokers. Hence, a substantial over-estimation or under-
estimation of NRT prescribing prevalence in smokers is unlikely. The rates of
NRT prescribing were also calculated, treating both smoking and pregnancy as
time-varying covariates, to take into account the changes in women’s smoking
status over time. These rates were found to be slightly lower than the calculated
NRT prescribing prevalence in smokers (~7% compared to ~11% after 2005).
This is because although rates allow for more appropriate categorisation of time

and exposure windows, the recording of smoking status during pregnancy is
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incomplete as discussed in Chapter masking the true reflection of smoking
status changes over time and consequently limiting the advantage of using lexis
expansion for this analysis. Nevertheless, the rate ratios using poisson
regression were in concordance with the other results reiterating that NRT
prescribing during pregnancy was almost double that of the prescribing before
and after pregnancy in the post-relaxation period (RR 0.55 before pregnancy

and RR 0.48 after pregnancy).

Another potential limitation of the study is that prescriptions provide no
measures of actual medication use, compliance to the drug therapy or successful
quit attempts made and some of the prescriptions issued may not have been
redeemed. However, a validation study comparing the recorded prescriptions for
smoking cessation medications in THIN and the NHS dispensing data between
January 2004 and December 2005 reported good comparability between the two
data sources indicating that prescriptions recorded for smoking cessation
medications in primary care data are collected by the patientslj The only
measures of compliance are available from trials. The SNAP trial reported low
compliance rates in both treatment and placebo group (7.2% and 2.8%
respectively using NRT for more than a month)|f|However, the reasons for low
compliance remain unexplored. A qualitative study conducted on pregnant
smokers in Australia explored barriers to NRT use and found that women with
medical problems or history of obstetric complications expressed doubts about
using NRT and were sceptical about its effectivenessmHowever, specific
reasons for low compliance rates to NRT during pregnancy have not been
studied to date. Lastly, there were no measures available for nicotine
dependence in the data. Assessing these measures of dependence (e.g.
Fagerstrom Test for Nicotine Dependence) is difficult without surveying the study
participants which would be limited by potential response biases and are rarely

possible on the large population scale presented by the data in this study.
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5.4.3 Comparison with current literature

There are no studies internationally which have assessed the annual prescribing

prevalence of NRT in pregnant women in detail. However data from nested case-
control studies from the USA and Denmark assessing associations between NRT

use and adverse pregnancy outcomes report the overall prescribing prevalence

111-113

of NRT in all pregnancies to range from 0.3 to 4% which is very similar to

the findings of this study. The findings of this study closely mirror that of the
Scottish data linkage study where NRT was prescribed to 2.4% of all pregnant
wome In addition, NRT usage in pregnant smokers attending English SSSPs
is reported to be 85°/1T_V|and considering that only 3% of pregnant women
attend these services, this also equates to 2.5%. This implies that the uptake of
NRT during pregnancy in smokers is quite high (~11% of smokers) despite the

lack of evidence of its effectiveness and safety.

The results of this study also demonstrate that the annual prescribing
prevalence of NRT has been stable and not increased much since the changes in
the licensing arrangements in December 2005, although overall prescribing in
the years after the relaxation of licensing arrangements has almost doubled. The
difference between the prescribing prevalence in pregnancy and the nine month
periods immediately before and after pregnancy started widening after 2003.
This may be attributed to the changes in prescribing indications for NRT use
implemented in May 2003, when pregnancy was removed from the list of
contraindications for NRT use and instead cautious use of NRT products in
pregnancy was advised if smoking cessation without NRT faiIedIiIAfter the
relaxation of licensing arrangements of NRT in 2005 prescribing of NRT during
preghancy was almost twice as high compared to the prescribing in the nine
months immediately before and after pregnancy. This may also be related to the

licensing of varenicline for smoking cessation in the general non-pregnant
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population in December 2006, after which a reduction in prescribing of NRT and
bupropion in the general population was seenleAlternatively, women may be
more motivated to quit after finding out they are pregnant or may deliberately
wait to quit until they get pregnant as they can get free NRT prescriptions during

pregnancy.

The prescribing prevalence of NRT was found to be the highest in the first two
trimesters during pregnancy compared to the other time periods under study
and the prescribing prevalence within the third trimester was very similar to the
prescribing prevalence before and after pregnancy. In a survey of all SSSPs in
England between April 2010 and March 2011 assessing delivery of smoking
cessation support, 60% of the SSSPs reported that there was a difference in the
proportion of pregnant women seeking help by the stage of pregnancy, with the
most referrals given in the first two trimesterslTjIThis may be related to the
level of motivation to quit smoking which has been shown to be higher during
early pregnancy compared to late pregnancy resulting in more women seeking
help at these times in pregnancymA study using an online database containing
data on 3,880 pregnant smokers supported by one of the 44 regional SSS in
England reported that 55% of all pregnant smokers (65% of pregnant NRT
users) used combination NRT which is very high compared of 10% as shown
in this work. This is mostly likely related to different baseline populations i.e.
data from specialist stop smoking services compared to data from primary care.
Women voluntarily attending these specialist services will likely have a higher
motivation to quit which may result in more quit attempts and more NRT being

prescribed compared to women attending primary care.

NICE recommends that pregnant women should initially be prescribed two weeks
of NRT from their agreed stop date, with further NRT after re-assessmentlehe
average duration of prescription for women in this study was two weeks and

most women (80%) received two or less prescriptions. One reason for this may
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be that compliance was low and women did not quit or use it to quit in which
case no further NRT was prescribed. Some women may have bought NRT
independently after the first prescription; however, considering that women are
entitled to free prescriptions during pregnancy and NRT from retailers is
reasonably expensive, this is unlikely. Studies in other populations have not
reported the duration of NRT use in pregnancy. However, eight to twelve weeks’
use is recommended for optimal effectiveness in the general populatiorlilso itis

unlikely that two weeks’ use is effective for smoking cessation in pregnancy.

A study conducted in four states of the USA, in 5,716 pregnant women between
the ages of 18-45 years, found NRT prescribing to be lower in pregnant smokers
younger than 35 years of age compared to pregnant smokers over the age of
35|ir|1n comparison, prescribing was assessed within 5 year age bands between
15-49 years in this study and the results were found to be similar, with NRT
prescribing increasing with age; however the confidence intervals between the
age categories overlapped. Advancing maternal age is associated with a higher
risk for pregnancy complicationsl’j'which may lead women to visit their GPs
more often during pregnancy providing more opportunities to provide smoking
cessation advice and prescribe NRT which may explain higher prescribing rates
in these smokers compared to younger smokers. Low socioeconomic status is
associated with a higher prevalence of chronic diseaselTi‘-|and higher risk of
adverse pregnancy outcomesrirl which would explain why pregnant smokers in
the deprived group would be prescribed more NRT than affluent groups. Asthma
and mental illness are the most common conditions encountered during
pregnancmand are closely related to smoking, which may explain a

significant association with NRT prescribing compared to other conditions.
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5.5 CHAPTER CONCLUSIONS

In conclusion, this study shows that the prevalence of prescribing of NRT during
pregnancy, especially after the relaxation of licensing arrangements in 2005,
was almost twice the prevalence of prescribing in the nine months immediately
before and after pregnancy. Although studies on NRT prescribing in pregnancy
are lacking worldwide, these findings give insight into prescribing in and around
pregnancy and highlight that the prescribing of NRT during pregnancy is quite
high. These data also show that NRT was prescribed for an average of only two

weeks during pregnancy which is unlikely to be effective.

Prescribing was also found to be relatively lower before and after pregnancy,
which are also important times when quitting has significant health benefits for
the woman and her child. This is indicative of a possible missed opportunity to
assist many young women in quitting smoking. Whilst interactions between
health professionals and pregnant women should be used to discuss and offer
interventions to promote smoking cessation, greater potential benefit would be
derived from starting before pregnancy which should be a focus for women and

health care providers.
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6 NICOTINE REPLACEMENT THERAPY, MATERNAL

SMOKING AND CONGENITAL ANOMALIES

6.1 INTRODUCTION

The findings from the previous chapter report that approximately 11% of
pregnant smokers are prescribed NRT in primary care settings annually. In
addition, some women may be getting their NRT directly from the SSSP and
some, although a small proportion, may be buying it OTC which would make the
proportions of pregnant smokers using NRT even higher. Whilst the use of NRT

is now recommended for smoking cessation during pregnancy in both UK and

/79124

European guidelines the evidence concerning its safety in pregnancy is still

lacking. Therefore, the WHO has made a strong recommendation for more
research on the safety of NRT in pregnant women|’*|This chapter and the
following chapter (ChapterEIand Chapter address this gap in the literature by
assessing the safety of NRT use during pregnancy. This chapter focuses on
investigating the relationship between antenatal NRT exposure or smoking, as
recorded in primary care data, and the presence of congenital anomalies in
children born to women exposed to these potential risks in early pregnancy and

the following chapter will focus on other birth outcomes.

The association between maternal smoking in pregnancy and congenital
anomalies in infants seems to be biologically plausible. Compromised oocyte
quality in mothers who smoke may be one of the possible mechanisms by which
smoking causes congenital anomalieslfIAnother possible mechanism is the
chromosomal damage and epigenetic changes leading to subtle changes in the
gene expression in babies of mothers who smokelfl However, this association is
currently not very clear in the literature. A large systematic review of
observational studies published between 1959 to 2010 including 173,687 cases

of congenital anomalies and 11,674,332 controls showed an OR of 1.01 (0.96-
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1.07) for all malformations combined in relation to maternal smoking during
pregnancy. However, significantly increased risks of system-specific anomalies
including heart defects (OR 1.09, 95% CI 1.02-1.17), musculoskeletal defects
(OR 1.16, 95% CI 1.05-1.27), orofacial clefts (OR 1.28, 95% CI 1.20-1.36), limb
defects (OR 1.26, 95% CI 1.15-1.39), eye defects (OR 1.25, 95% CI 1.11-1.40)
and gastrointestinal defects (OR 1.27, 95% CI 1.18-1.36) were foundl’j
Contrary to the systematic review, a newer study based on 1,676 cases and
3,267 controls from a total of 44,732 live births in Rhode Island between 2007
and 2010 found a significantly increased risk of congenital anomalies associated
with maternal smoking (OR 1.27, 95% CI 1.05—1.55)|i|5imi|arly, a more recent
case-control analysis from the Baltimore-Washington Infant Study found no
statistically significant association between maternal smoking and congenital
heart defects (OR 1.07, 95% CI 0.80-1.45) however an increased risk was
reported for specific anomalies e.g. pulmonary valve stenosis (OR 1.35, 95% CI
1.05-1.74), truncus arteriosus (OR 1.90, 95% CI 1.04-3.45)|f|Another study
using the PRAMS data from nine states of the USA found no increased risk of
congenital heart defects in relation to maternal smoking (OR 0.50, 95% CI 0.22-
1.10)|i|1n contrast, a study from Greece including 157 infants with congenital
heart defects and 208 infant without congenital heart defects born between
2006 and 2009 reported approximately a three-fold increase in the risk of
congenital heart defects associated with maternal smoking during pregnancy
(OR 2.75, 95% CI 1.66-4.4817j|and a systematic review including all studies
between 1947 to 2011 on maternal smoking and congenital heart defect found
the risk of congenital heart defects to be 11% higher in children of mothers who
smoked compared to non-smokers (RR 1.11, 95% CI 1.02-1.21)|f| Data from
the National Birth Defects Prevention Study (NBDPS), USA showed no significant
increase in the risk of neural tube defect in children in relation to active maternal
smoking (OR 0.9, 95% CI 0.8-1.1)|f|Hence, to-date the evidence of the

association of maternal smoking and congenital anomalies is inconclusive.
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The evidence of the teratogenic safety of NRT is only limited to two studies

which have assessed the association between maternal use of NRT during

pregnancy and congenital anomalies in the offspring.|Table 6-1|describes these

studies in detail.
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Table 6-1 Summary of studies assessing congenital anomalies in relation to NRT use during pregnancy

First Study methodology | Sample size Exposure Assessment Outcome Results for NRT safety
author, (Inclusion/Exclusi Assessment

year and on)

location

Coleman Large, double-blinded, | 1050 participants 4 weeks supply of Secondary outcome: OR for congenital anomalies

I%I)lz), UK

placebo-controlled
multicentre RCT

between 16 to 50
years with
pregnancies of 12-
24 weeks of
gestation smoking
five or more
cigarettes per day

Standard nicotine patch
(15mg/16 hrs) versus
visually identical placebo,
started on the quit date

Adverse pregnancy
and birth outcomes
including congenital
anomalies

associated with NRT use = 0.70 (95%
CI 0.30-1.66) compared to placebo
group. Estimates only based on 9
cases in the treatment group and 13
cases in the placebo group.

Morales-
Suarez-
Varela
(2006),
Denmark

Cohort study using
Danish National Birth
Cohort

76,768 pregnancies
between 1996 and
2002

Smoking and NRT during
the first 12 weeks of
pregnancy

Congenital anomalies
diagnosed at birth or
during the first year of
life, further classified
based on EUROCAT

criteriﬂ

OR 1.61 (95% CI 1.01-2.56) for
congenital malformations in children
born to non-smokers, who used
nicotine substitutes compared to non-
smokers who did not use any nicotine
substitutes. When restricted to major
malformations the odds ratio was
1.13(95% CI 0.62-2.07)

136




The SNAP trial found no association between the use of NRT during pregnancy
and congenital anomalies in the offspringlil Although the SNAP trial is the
biggest trial of NRT patches in pregnancy conducted so far, the primary end
point was abstinence from the date of smoking cessation until delivery and
therefore all the safety analyses were underpowered, especially for the more
rare outcomes like congenital anomalies. This finding was based on only 22
children with congenital anomalies so this negative finding for the association
between NRT use in pregnancy and congenital anomalies could be due to Type 2
error (low statistical power) in the trial to detect any association with congenital
anomalies. Another important point to consider is that the mean gestational age
at the time of study enrolment in the trial was about 16 weeks indicating that
most of the pregnant women in the trial were given NRT after the end of the first
trimester, when most of the organ development had already taken place. By
contrast, the study using the Danish National Birth Cohort (DNBC) found a 61%
(95% CI 1.01-2.58) increase in the risk of congenital anomalies in the babies of
mothers using NRT during pregnancy compared to non-smokers but no
increased risk was found when restricted to only major congenital anomalies.
Although the population-based nature of the study and prospective data
collection minimised the potential for ascertainment and selection bias in the
study, the data on smoking and NRT use were self-reported. Furthermore, this
study was conducted over a decade ago (1997-2003) after which many new
forms of NRT have been introduced to the market and the prescribing of NRT in
pregnancy has increased. In light of these limitations of the current literature,
this chapter describes the relationship between antenatal exposure to NRT or
maternal smoking described in primary care data and the presence of MCAs in

children born to women exposed to these potential risks in early pregnancy.

137



6.2 METHODS

6.2.1 Study population

All live born children delivered between January 2001 and December 2009, with
linked mother records were included in this analysis. The study population was

limited to only live births because stillborn children are generally not registered
with the GPs. Data before January 2001 was excluded as NRT only became

available on NHS prescription in 2001.

6.2.2 Exposure

A variable indicating NRT exposure in early pregnancy (defined here as one
month before conception until the end of the first trimester) and smoking was
developed with four categories. The period of four weeks before conception was
used to enable inclusion of drug prescriptions received immediately before

pregnancy and potentially used around the time of conception. The first

trimester of pregnancy is considered the critical period for the developments of

2310232

congenital anomalies and therefore only early pregnancy exposure was

considered. The four exposure categories are described below:

e Non-smoker: All women with Read codes for never smoking or ex-
smoking in their primary care records during the first trimester and within
27 months before pregnancy, with no current smoking codes in this time
were classified as non-smokers.

e NRT group: All pregnant women with a drug code for NRT prescription
during the first trimester of pregnancy or within four weeks before the
estimated conception dates in their primary care records were classified
as being prescribed NRT during early pregnancy. Similar to other drug
safety studies, the period of four weeks before conception was included

to enable the inclusion of NRT prescriptions immediately before
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pregnancy and potentially used during very early pregnancy and around
conceptionlil

e Smoker: If any records of current smoking were found during early
pregnancy or if the latest smoking status record within 27 months before
pregnancy until the end of first trimesters indicated smoking, women
were categorised as being smokers during that pregnancy.

¢ Unknown: All women who did not have a recording of smoking status or
NRT prescription during early pregnancy or where the smoking status
records did not clearly indicate whether they were smokers or non-

smokers were included in this category.

6.2.3 Outcome
All information on major congenital anomalies recorded at any age in children’s

primary care records was extracted using Read codes mapped to the EUROCAT

classification system (Code list attached as Appendix|10.10 Iil This system

identifies all conditions classified as major congenital disorders coded by the Q
chapter of the International Classification of Disease version 10 (ICD—1OE|and
a small number of conditions in the other ICD-10 chapters and categorises them
into subgroupslil Minor congenital anomalies are not very well recognised and
therefore not recorded very well in primary care. Therefore, epidemiological
studies only focus on assessing major congenital anomalies and so do registries.
Therefore, in line with the EUROCAT classification, minor congenital anomalies
(e.g. lip hypertrophy, congenital flat foot etc.) were excluded from the case
definition Children with medical codes for teratogenic anomalies (e.g.
PK80.00 - Fetal alcohol syndrome, PK84.00 Fetal valproate syndrome) were also

excluded from the study population.
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6.2.4 Potential confounders

Maternal age, socioeconomic status and all other maternal morbidities described

in Section|3.4.3|were considered to be potential confounders due to the

associations of these conditions or their treatments with congenital anomalies

SIPSOP1IO5199 21182 55-244

and maternal smoking. In addition, epilepsy was also deemed

to be an important clinical confounder for this analysis as the medical treatment

245246

for epilepsy is strongly related to congenital anomalies and studies have

shown epilepsy to be associated with smoking as well Records of diagnosed

epilepsy were extracted from both the Medical and AHD files and epilepsy
medication prescriptions were extracted from the Therapy file. For the purpose
of this study, pregnant women were said to have epilepsy if they had a
diagnostic recording of epilepsy ever before delivery and had a recording of

epilepsy prescription during pregnancy or within 27 months before conception.

Medical code lists and prescription code lists are attached as Appendix|10.8.11

and Appendix|10.8.12

6.2.5 Statistical analysis

To estimate the disease burden of all major and individual system-specific
congenital anomalies, absolute risks (per 10,000 live births) for the total
population and each exposure group (i.e. non-smokers, smokers, NRT group and
unknown group) were calculated. ORs for any major and each system-specific
anomaly group were calculated for the NRT group and smokers using non-
smokers as the reference group in a logistic regression model. Some women had
more than one pregnancy in the study period; this was accounted for by

calculating robust CIs around the OR using the clustered sandwich estimator,

1B which is explained in Section|3.4.4| In recognition of the fairly large

number of exposure and outcome categories in this analysis, 99% CIs were
calculated for each measure of association; exact p-values (to 3 decimal places)

have also been presented for more transparent reader assessment of
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associations potentially arising by chance. Adjustments were also made for
potential confounders discussed above. Chi-squared tests were used to
determine whether each of these confounders was associated with the exposure
and with the outcome. Covariates with statistically significant associations at 5%
level of significance were included in the multivariable model to obtain adjusted
ORs. The reference group was then changed to smokers and ORs for MCAs in the

NRT group were calculated.

6.2.6 Sensitivity analysis

6.2.6.1 Restricting to only singleton live births

The absolute and relative risks of overall and individual system-specific
congenital anomalies were calculated, restricting the study population to only
singleton live born babies, as malformations are more likely to occur in multiple

births compared to singleton birthsm

6.2.6.2 Reclassifying smokers and non-smokers based on gestational smoking
status recording
The definitions of smokers and non-smokers were restricted to only mothers
who had a gestational smoking status record during early pregnancy indicating
them to be a smoker or non-smoker respectively. This was done because some
women who were documented to be smokers in the 27 months before
conception may have given up smoking before pregnancy and therefore the
definition of smokers and non-smokers during early pregnancy may result in
some misclassification between these two exposure categories. The absolute
risks of overall and system-specific MCA groups were calculated using only
smokers and non-smokers, based on gestational records and ORs (99% CI) for
MCAs in children with maternal NRT exposure during early pregnancy were

calculated.
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6.2.6.3 Exposure window changed to 2™/3™ trimester

The exposure period was changed from early pregnancy to 2"/3™ trimester and
all women with NRT prescriptions in early pregnancy were excluded from the
analysis. Although most of the organogenesis takes place in the first trimester,
consequently increasing the risk of structural defects, some periods in the
second and third trimester are also slightly sensitive for the development of
congenital anomalies These include defects of the eye, ear, teeth, central
nervous system and genitalia.lz_n"Therefore, the absolute and relative risks of
overall and system-specific MCA groups for NRT group and smokers, compared

to non-smokers were calculated based on 2"/3™ trimester exposure.

6.2.7 Sample size calculation

Previous literature suggests the prevalence of MCAs to be 2.70/17_;r|and the
prescribing prevalence of NRT during pregnancy has been found to be
approximately Z%ITIBased on these numbers, a sample size of 138,064
children with maternal NRT prescriptions in early preghancy was needed in this
study to detect an OR of 1.50 with 80% power at a 1% level of significance. The
sample size to achieve this power for system-specific anomalies was much
higher (e.g. 301,082 children with maternal NRT prescriptions for heart defects).
Similarly, a sample of 19,041 children with smoking mothers was needed to
detect an OR of 1.50 for the association between maternal smoking and
presence of CAs, with 80% power at a 1% level of significance. Sample size

calculations were performed in PASS 12 (Power Analysis & Sample Size

Software) |i|
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6.3 RESULTS

6.3.1 Baseline characteristics

A total of 232,242 live born children were included in the study population out of
whom 6,480 had at least one major congenital anomaly (279 per 10,000 live
births). Out of these 232,242 children 0.7% were born to mothers who were

prescribed NRT , 16% to mothers who smoked during pregnancy and 49% to

mothers who did not smoke during. |Table 6-2[shows the baseline maternal

characteristics in children with and without MCAs. The distribution of maternal
age at conception, socioeconomic status and pre-conception BMI was very
similar in women whose children had any MCA and women whose children did
not have any MCA. The prevalence of maternal morbidities particularly epilepsy
(0.4% vs. 0.7%), was found to be higher in the MCA group. Similarly, multiple
births were more common in children with congenital anomalies compared to

children without congenital anomalies (3.6% vs. 5.2%).

Table 6-3|presents the maternal and birth characteristics by smoking and NRT

exposure. Women in the NRT group and smokers were more likely to be from
socioeconomically deprived groups compared to non-smokers. Additionally, the
NRT group had a higher prevalence of asthma (14.4%) compared to smokers
and non-smokers (11.1% and 10.3% respectively). Similarly, mental illness was
found to be most prevalent in the NRT group (20.8%) and epilepsy was found to
be the highest in smokers (0.7%), followed by the NRT group (0.6%). The

distribution of other morbidities was very similar across the exposure groups.
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Table 6-2 - Maternal and birth characteristics of the study population

All children Children without Children with
MCAs MCAs
N=232,242 n=225,762 n=6,480

n % n % n %
Age at conception
15-19 years 12,037 5.2% 11,692 5.2% 345 5.3%
20-24 years 36,003 15.5% 34,999 15.5% 1,004 15.5%
25-29 years 59,203 25.5% 57,624 25.5% 1,579 24.4%
30-34 years 73,844 31.8% 71,822 31.8% 2,022 31.2%
35-39 years 42,477 18.3% 41,262 18.3% 1,215 18.7%
40-44 years 8,341 3.6% 8,046 3.6% 295 4.5%
45-49 years 337 0.1% 317 0.1% 20 0.3%
Townsend score in
quintiles
Quintile 1 (least deprived) 53,916 23.2% 52,430 23.2% 1,486 22.9%
Quintile 2 43,850 18.9% 42,653 18.9% 1,197 18.5%
Quintile 3 45,280 19.5% 43,986 19.5% 1,294 20.0%
Quintile 4 42,696 18.4% 41,490 18.4% 1,206 18.6%
Quintile 5 (most deprived) 31,884 13.7% 30,963 13.7% 921 14.3%
Missing 14,616 6.3% 14,240 6.3% 376 5.8%
Pre-conception Body
Mass Index (kg/m?)
normal(18.5-24.9) 73,002 31.4% 71,019 31.5% 1,983 30.6%
underweight(<18.5) 5,225 2.2% 5,071 2.2% 154 2.4%
overweight(25-29.9) 35,625 15.3% 34,626 15.3% 999 15.4%
obese(>=30) 24,594 10.6% 23,876 10.6% 718 11.1%
missing 93,796 40.4% 91,170 40.4% 2,626 40.5%
Asthma 19,932 8.6% 19,335 8.6% 597 9.2%
Hypertension 6,392 2.8% 6,165 2.7% 227 3.5%
Diabetes 5,490 2.4% 5,268 2.3% 222 3.4%
Mental illness 22,154 9.5% 21,507 9.5% 647 10.0%
Epilepsy 1,036 0.4% 994 0.4% 42 0.7%
Multiple birth 8,373 3.6% 8,038 3.6% 335 5.2%

MCAs = major congenital anomalies
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Table 6-3 - Numbers and proportions of maternal and birth characteristics by NRT exposure and smoking

NRT group* Smokers* * Non-smokers* * * Unknown
n= 1,594 n= 37,141 n=114,254 n= 79,253

n % n % n % n %
Age at conception
15-19 years 110 6.9% 3,918 10.5% 4,044 3.5% 3,965 5.0%
20-24 years 354 22.2% 9,885 26.6% 14,895 13.0% 10,869 13.7%
25-29 years 443 27.8% 10,005 26.9% 29,888 26.2% 18,867 23.8%
30-34 years 400 25.1% 8,127 21.9% 38,695 33.9% 26,622 33.6%
35-39 years 236 14.8% 4,335 11.7% 22,230 19.5% 15,676 19.8%
40-44 years 49 3.1% 846 2.3% 4,330 3.8% 3,116 3.9%
45-49 years 2 0.1% 25 0.1% 172 0.2% 138 0.2%
Townsend score in quintiles
Quintile 1 (least deprived) 152 9.5% 4,573 12.3% 29,060 25.4% 20,131 25.4%
Quintile 2 219 13.7% 5,120 13.8% 23,056 20.2% 15,455 19.5%
Quintile 3 339 21.3% 7,281 19.6% 22,382 19.6% 15,278 19.3%
Quintile 4 438 27.5% 9,303 25.0% 19,090 16.7% 13,865 17.5%
Quintile 5 (most deprived) 338 21.2% 8,524 23.0% 12,731 11.1% 10,291 13.0%
Missing 108 6.8% 2,340 6.3% 7,935 6.9% 4,233 5.3%
Pre-conception BMI (kg/m?)
Normal (18.5-24.9) 495 31.1% 12,535 33.7% 44,568 39.0% 15,404 19.4%
Underweight (<18.5) 49 3.1% 1,277 3.4% 2,733 2.4% 1,166 1.5%
Overweight (25-29.9) 262 16.4% 6,011 16.2% 21,472 18.8% 7,880 9.9%
Obese (>=30) 223 14.0% 4,553 12.3% 14,369 12.6% 5,449 6.9%
Missing 565 35.4% 12,765 34.4% 31,112 27.2% 49,354 62.3%
Asthma 230 14.4% 4,116 11.1% 11,764 10.3% 3,822 4.8%
Hypertension 36 2.3% 793 2.1% 3,731 3.3% 1,832 2.3%
Diabetes 45 2.8% 746 2.0% 3,324 2.9% 1,375 1.7%
Mental iliness 331 20.8% 5,882 15.8% 9,095 8.0% 6,846 8.6%
Epilepsy 9 0.6% 248 0.7% 497 0.4% 282 0.4%
Multiple birth 47 2.9% 1,290 3.5% 4,021 3.5% 3,015 3.8%

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, *** No smoking in early pregnancy
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6.3.2 Absolute risks of major and system-specific congenital anomalies

Table 6-4|presents the numbers and absolute risks of any major and system-

specific congenital anomalies in the total population and also stratified by
maternal exposures. The absolute risk of MCAs in the NRT group was higher
than non-smokers (364/10,000 live births compared to 273/10,000 live births).
Similar increases in the risk were seen in the most common anomaly groups in
the NRT group like heart, limb, genital and urinary defects. The absolute risks of
MCAs in smokers were found to be very similar to the non-smokers with slightly
higher risk in the more rare anomalies such as abdominal anomalies (5/10,000
live births in smoking group compared to 1/10,000 live births in the reference

group).
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Table 6-4 - Absolute risks of major congenital anomalies by NRT exposure and maternal smoking

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall

Ear, face & neck

All children NRT group* Smokers** Non-smokers* * * Unknown

N= 232,242 n= 1,594 n= 37,141 n=114,254 n= 79,253
n+* n/10,000 n n/10,000 n n/10,000 n n/10,000 n n/10,000
6,480 279 58 364 1,009 272 3,121 273 2,292 289
2,021 87 15 94 327 88 999 87 680 86
1,243 54 11 69 183 49 623 55 426 54
1,077 46 12 75 158 43 507 44 400 50
622 27 6 38 89 24 304 27 223 28
438 19 3 19 53 14 216 19 166 21
416 18 5 31 64 17 196 17 151 19
348 15 2 13 57 15 158 14 131 17
347 15 5 31 44 12 174 15 124 16
359 15 3 19 58 16 170 15 128 16
316 14 2 13 45 12 150 13 119 15
256 11 1 6 32 9 120 11 103 13
188 8 10 63 32 9 89 8 57 7
176 8 - 21 6 82 7 73 9
61 3 - 20 5 17 1 24 3
41 2 - 8 2 15 2 18 2

MCA = Major Congenital Anomalies

# each case may have more than one system anomaly, therefore total of all system-specific anomalies may vary

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, *** no smoking in early pregnancy
% e.g. Asplenia, conjoined twins etc.
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6.3.3 Relative risks of major and system specific congenital anomalies

Table 6-5(shows the adjusted ORs for overall and each system specific major

congenital anomaly comparing the NRT group and smokers to non-smokers. The
OR for MCAs in the NRT group was 1.34 (99% CI 0.94-1.91, p-value 0.034)
compared with non-smokers. There was no increased risk of MCAs in smokers
compared to non-smokers (OR 0.99, 99% CI 0.89-1.09, p-value 0.819)
compared to non-smokers. The ORs for system-specific anomalies were broadly
similar to the overall findings. At 99% confidence interval, odds ratios showed
no increased risk of any system specific congenital anomaly in the NRT group
compared to non-smokers except respiratory system anomalies (OR 7.61, 99%
CI 2.93-19.74, p-value <0.001). However, this was based on a very small

number of exposed cases (10 cases of respiratory system anomaly) as shown in

Table 6-4

Table 6-6|presents the ORs for major congenital anomalies in the NRT group

compared to smokers. The relative risk of major congenital anomalies in NRT
group was not appreciably altered when the reference group was changed to

smokers (OR 1.35, 99% CI 0.94-1.93 for overall MCAs).
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Table 6-5 - Adjusted odds ratio for major congenital anomalies by maternal NRT and smoking exposure

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall
Ear, face & neck

NRT group*¥

Smokers* *¥

Unknown¥

n= 1,594

n=37,141

n= 79,253

AOR# (99% CI)

AOR# (99% CI)

p-value

AOR# (99% CI)

p-value

1.34 (0.94-1.91)
1.08 (0.55-2.13)
1.31 (0.59-2.88)
1.66 (0.78-3.55)
1.43 (0.49-4.16)
1.03 (0.23-4.64)
1.89 (0.58-6.16)
0.86 (0.14-5.37)
2.01 (0.62-6.49)
1.17 (0.26-5.24)
0.96 (0.15-6.02)
0.56 (0.04-7.47)

7.61 (2.93-19.74)

0.99 (0.89-1.09)
1.02 (0.86-1.21)
0.94 (0.75-1.17)
0.92 (0.72-1.18)
0.92 (0.67-1.26)
0.85 (0.56-1.28)
1.03 (0.70-1.52)
1.05 (0.69-1.58)
0.76 (0.49-1.19)
0.98 (0.65-1.47)
0.92 (0.59-1.44)
0.77 (0.45-1.30)
1.07 (0.62-1.86)
0.85 (0.44-1.65)
2.27 (0.94-5.44)
1.62 (0.49-5.37)

0.815
0.787
0.487
0.411
0.511
0.313
0.826
0.748
0.118
0.904
0.654
0.197
0.745
0.532
0.016
0.300

1.06 (0.98-1.15)
0.99 (0.87-1.13)
0.99 (0.84-1.16)
1.14 (0.96-1.36)
1.05 (0.83-1.34)
1.09 (0.83-1.42)
1.13 (0.85-1.49)
1.20 (0.88-1.64)
1.02 (0.75-1.38)
1.13 (0.83-1.53)
1.14 (0.83-1.56)
1.23 (0.87-1.75)
0.93 (0.60-1.44)
1.26 (0.83-1.92)
1.87 (0.81-4.30)
1.68(0.68-4.14)

0.032
0.861
0.847
0.047
0.523
0.424
0.268
0.123
0.873
0.314
0.296
0.121
0.683
0.150
0.053
0.138

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, ¥Reference category = non-smokers
during early pregnancy, # adjusted for maternal age at conception, Townsend score, maternal hypertension, diabetes and epilepsy, * e.g. Asplenia,
conjoined twins etc. MCAs= Major Congenital Anomalies, AOR = Adjusted Odds Ratio, CI = confidence interval
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Table 6-6 - Adjusted odds ratio for major congenital anomalies in the

NRT group compared to smokers

All MCAs combined

Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system

Nervous system

Other malformations®

Eye

Respiratory system

Genetic
Abdominal wall

Ear, face & neck

NRT group*

n=1,594

AOR ¥+ (99% CI)

p-value

1.35 (0.94-1.93)
1.06 (0.54-2.11)
1.39 (0.62-3.10)
1.80 (0.83-3.90)
1.55 (0.52-4.61)
1.20 (0.26-5.61)
1.83 (0.55-6.06)
0.81 (0.13-5.18)
2.63 (0.78-2.11)
1.19 (0.25-5.47)
1.04 (0.16-6.68)

0.73 (0.05-10.01)
7.10 (2.60-19.38)

0.032
0.813
0.292
0.051
0.297
0.750
0.195
0.774
0.041
0.770
0.962
0.759
<0.001

¥Reference category - smokers during early pregnancy

* NRT=nicotine replacement therapy prescription in early pregnancy

# adjusted for maternal age at conception, Townsend score, maternal hypertension,
diabetes, epilepsy, * e.g. Asplenia, conjoined twins etc.

MCAs= Major Congenital Anomalies, AOR = Adjusted Odds Ratio, CI = confidence

intervals
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6.3.4 Sensitivity analysis

6.3.4.1 Restricting to only singleton live births

Table 6-7|shows the absolute risks of all major and system specific congenital

anomalies in singleton live-born children by NRT and smoking exposure. Similar
to the main results, the absolute risk of MCAs was higher in the NRT group
compared with non-smokers (356/10,000 live births compared to 270/10,000
live births). Similar increases in the risk were seen for the most common
anomalies in the NRT group like heart, limb, genital and urinary defects but the

absolute risk differences were very small.

Table 6-8[shows the adjusted ORs for overall and each system specific major

congenital anomaly group in singleton live-born children comparing the NRT
group and smokers to non-smokers. The effect estimates remained unaltered
with no increased risk of congenital anomalies in the NRT group and smokers

compared with non-smokers.
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Table 6-7 - Absolute risks of major congenital anomalies by NRT exposure and maternal smoking in singleton live borns

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall

Ear, face & neck

All children NRT group* Smokers** Non-smokers* * * Unknown

N= 223,869 n= 1,547 n= 35,851 n=110,233 n= 76,238
n+* n/10,000 n n/10,000 n n/10,000 n n/10,000 n n/10,000
6,145 274 55 356 959 267 2,973 270 2,158 283
1,868 83 14 90 307 86 927 84 620 81
1,199 54 11 71 177 49 604 55 407 53
1,020 46 12 78 152 42 482 44 374 49
597 27 6 39 85 24 296 27 210 28
425 19 3 19 51 14 208 19 163 21
398 18 5 32 62 17 187 17 144 19
333 15 2 13 54 15 149 14 128 17
330 15 5 32 44 12 166 15 115 15
347 16 3 19 56 16 163 15 125 16
306 14 2 13 44 12 144 13 116 15
241 11 1 6 30 8 114 10 96 13
176 8 8 52 28 8 86 8 54 7
168 8 - 19 5 81 7 68 9
55 2 0 - 19 5 15 1 21 3
41 2 0 - 8 2 15 1 18 2

MCA = Major Congenital Anomalies, NRT = nicotine replacement therapy
*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, *** no smoking in early pregnancy

# each case may have more than one system anomaly, therefore total of all system-specific anomalies may vary

% e.g. Asplenia, conjoined twins etc.
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Table 6-8 - Adjusted odds ratio for major congenital anomalies by maternal NRT and smoking exposure in singleton live-

born children

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall
Ear, face & neck

NRT group*¥ Smokers**¥ Unknown¥

n= 1,547 n=35,851 n= 76,238
AOR¥*% (99% CI) p-value AOR¥*% (99% CI) p-value AOR¥*% (99% CI) p-value
1.31 (0.91-1.87) 0.053 0.98 (0.89-1.08) 0.684 1.06 (0.98-1.15) 0.038
1.07 (0.53-2.15) 0.797 1.02 (0.86-1.22) 0.708 0.98 (0.85-1.12) 0.660
1.33 (0.61-2.94) 0.340 0.94 (0.75-1.18) 0.465 0.98 (0.83-1.15) 0.699
1.73 (0.81-3.68) 0.063 0.93 (0.73-1.19) 0.451 1.13 (0.94-1.35) 0.079
1.46 (0.50-4.24) 0.359 0.90 (0.65-1.25) 0.423 1.03 (0.81-1.29) 0.757
1.07 (0.24-4.80) 0.909 0.85 (0.56-1.28) 0.312 1.11 (0.85-1.45) 0.319
1.97 (0.611-6.36) 0.135 1.05 (0.71-1.55) 0.742 1.13 (0.85-1.51) 0.265
0.91 (0.14-5.74) 0.900 1.07 (0.70-1.62) 0.677 1.25 (0.91-1.70) 0.066
2.07 (0.64-6.69) 0.110 0.79 (0.51-1.24) 0.182 0.99 (0.73-1.36) 0.966
1.21 (0.27-5.44) 0.745 0.98 (0.65-1.48) 0.923 1.15 (0.84-1.56) 0.244
0.98 (0.16-6.18) 0.983 0.94 (0.59-1.47) 0.709 1.16 (0.84-1.59) 0.244
0.59 (0.04-7.81) 0.596 0.76 (0.44-1.30) 0.186 1.21 (0.84-1.73) 0.168
6.36 (2.43-16.63) <0.001 0.99 (0.56-1.76) 0.977 0.92 (0.59-1.44) 0.644
- - 0.78 (0.40-1.53) 0.350 1.19 (0.78-1.82) 0.285
- - 2.25 (0.90-5.59) 0.022 1.83 (0.76-4.39) 0.074
- - 1.75 (0.55-5.60) 0.213 1.69 (0.66-4.40) 0.151

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy
¥Reference category = non-smokers during early pregnancy, # adjusted for maternal age at conception, Townsend score, maternal hypertension,

diabetes and epilepsy

MCAs= Major Congenital Anomalies, AOR = Adjusted Odds Ratio, CI = confidence interval
¥ e.g. Asplenia, conjoined twins etc.
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6.3.4.2 Reclassifying smokers and non-smokers based on gestational smoking
status recording
When the smoker and non-smoker groups were reclassified to women with a
gestational smoking status recording in their primary care data indicating such
behaviour only 3% were classified as smokers and 8% as non-smokers. The
absolute risk of CAs in smokers was now higher compared to the risk using a
broader definition (298/10,000 live births compared to 272/10,000 live births).
However, the association between NRT exposure, smoking during early
pregnancy and MCAs remained unchanged with no significant association
between NRT exposure and smoking compared to non-smokers apart from
respiratory anomalies where the risk of MCAs was over six times higher in the

NRT group compared to definitive smokers during early pregnancy (OR 6.49,

99% CI 2.35-17.87, p-value <0.001).|[Table 6-9|presents the absolute risks of

congenital anomalies by each exposure group and|Table 6-10| presents adjusted

ORs for NRT and smoking exposure, based on a restricted definition of smokers

and non-smokers.
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Table 6-9 - Absolute risks of major congenital anomalies by NRT exposure and maternal smoking, using only gestational

smoking records

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall
Ear, face & neck

All children NRT group* Smokers** Non-smokers* * * Unknown
N= 232,242 n= 1,594 n= 198 n=547 n= 205,602
n+ n/10,000 n n/10,000 n n/10,000 n n/10,000 n n/10,000
6,480 279 58 364 198 298 547 297 5,677 276
2,021 87 15 94 116 84 330 91 1,560 86
1,243 54 11 69 73 53 192 53 967 54
1,077 46 12 75 57 41 172 48 836 46
622 27 6 38 31 22 97 27 488 27
438 19 3 19 21 15 70 19 344 19
416 18 5 31 24 17 59 16 328 18
348 15 2 13 29 21 50 14 267 15
347 15 5 31 21 15 60 17 261 14
359 15 3 19 27 19 51 14 278 15
316 14 2 13 26 19 35 10 253 14
256 11 1 6 9 6 42 12 204 11
188 8 10 63 16 12 33 9 129 7
176 8 0 - 7 28 8 141 8
61 3 0 - 4 2 47 3
41 2 0 - 3 34 2

MCA = Major Congenital Anomalies, NRT = nicotine replacement therapy
*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, *** no smoking in early pregnancy
# each case may have more than one system anomaly, therefore total of all system-specific anomalies may vary
% e.g. Asplenia, conjoined twins etc.
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Table 6-10 - Adjusted odds ratio for major congenital anomalies by maternal NRT and smoking exposure using only
_gestational smoking records

NRT exposed group*¥ Smokers**¥ Unknown¥

n= 22,814 n=1,113 n= 19,038
AOR# (99% CI) p-value AOR#% (99% CI) p-value AOR# (99% CI) p-value
All MCAs combined 1.22 (0.84-1.77) 0.156 1.00 (0.80-1.25) 0.978 0.93 (0.82-1.04) 0.096
Heart 1.04 (0.52-2.06) 0.886 0.92 (0.69-1.23) 0.485 0.96 (0.81-1.12) 0.506
Limb 1.34 (0.59-2.98) 0.353 1.03 (0.72-1.48) 0.817 1.00 (0.82-1.23) 0.543
Genital system 1.56 (0.72-3.38) 0.138 0.84 (0.56-1.26) 0.265 0.98 (0.79-1.22) 0.788
Urinary system 1.42 (0.48-4.21) 0.408 0.85 (0.49-1.45) 0.435 1.00 (0.76-1.34) 0.951
Chromosomal 1.00 (0.22-4.62) 0.996 0.86 (0.45-1.66) 0.566 0.98 (0.70-1.38) 0.901
Musculoskeletal 1.99 (0.59-6.70) 0.145 1.09 (0.58-2.07) 0.710 1.13 (0.78-1.63) 0.396
Oro-facial cleft 0.86 (0.13-5.57) 0.842 1.44 (0.78-2.68) 0.127 1.07 (0.71-1.62) 0.661
Digestive system 1.85 (0.56-6.18) 0.185 0.90 (0.46-1.75) 0.692 0.86 (0.59-1.25) 0.314
Nervous system 1.26 (0.27-5.81) 0.700 1.30 (0.69-2.44) 0.279 1.12 (0.76-1.66) 0.447
Other malformations?® 1.31 (0.20-8.61) 0.707 1.95 (0.98-3.92) 0.013 1.45 (0.91-2.30) 0.041
Eye 0.52 (0.04-6.97) 0.512 0.52 (0.20-1.34) 0.075 0.98 (0.63-1.52) 0.907
Respiratory system 6.49 (2.35-17.87) <0.001 1.22 (0.54-2.78) 0.532 0.78 (0.47-1.29) 0.210
Genetic - - 0.70 (0.23-2.09) 0.401 0.99 (0.58-1.68) 0.954
Abdominal wall - - 0.89 (0.20-3.85) 0.838 1.07 (0.41-2.75) 0.849
Ear, face & neck - - 0.53 (0.05-7.01) 0.391 1.03 (0.26-4.01) 0.957

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy

¥Reference category = non-smokers during early pregnancy, # adjusted for maternal age at conception, Townsend score, maternal hypertension,
diabetes and epilepsy MCAs= Major Congenital Anomalies, AOR = Adjusted Odds Ratio, CI = confidence interval

¥ e.g. Asplenia, conjoined twins etc.
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6.3.4.3 Exposure window changed to 2™/3™ trimester

When NRT exposure in the 2"9/3™ trimester was assessed the absolute risks of

MCAs in the NRT group were lower than the risks in early pregnancy

(235/10,000 live births compared to 370/10,000 live births) and also the risk in

all live births (279/10,000 live births). However, the association between NRT

exposure, smoking during early pregnancy and MCAs remained unchanged with

no significant association between NRT exposure and smoking compared to non-

smokers.

Table 6-11

presents the absolute risks of MCAs by each exposure

group in 2"%/3™ trimester and[Table 6-12

exposure and smoking in 2"Y/3™ trimester.

presents adjusted odds ratio for NRT
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Table 6-11 - Absolute risks of major congenital anomalies by NRT exposure and maternal smoking during 2"/3" trimester

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall

Ear, face & neck

All children NRT exposed group* Smokers** Non-smokers* * * Unknown

N=230,648 n= 1,827 n= 37,250 n=112,419 n= 79,152
n+* n/10,000 n n/10,000 n n/10,000 n n/10,000 n n/10,000
6,422 278 43 235 1,024 275 3,070 273 2,285 289
2,021 87 15 94 327 88 999 87 680 86
1,243 54 11 69 183 49 623 55 426 54
1,077 46 12 75 158 43 507 44 400 50
622 27 6 38 89 24 304 27 223 28
438 19 3 19 53 14 216 19 166 21
416 18 5 31 64 17 196 17 151 19
345 15 2 13 57 15 158 14 131 17
347 15 5 31 44 12 174 15 124 16
359 15 3 19 58 16 170 15 128 16
316 14 2 13 45 12 150 13 119 15
256 11 1 6 32 9 120 11 103 13
188 8 10 63 32 9 89 8 57 7
176 8 - - 21 6 82 7 73 9
61 3 - - 20 5 17 1 24 3
41 2 - - 8 2 15 2 18 2

MCA = Major Congenital Anomalies, NRT = nicotine replacement therapy
*NRT=nicotine replacement therapy prescription in late pregnancy, **smoking in pregnancy, *** no smoking in pregnancy

# each case may have more than one system anomaly, therefore total of all system-specific anomalies may vary
¥ e.g. Asplenia, conjoined twins etc.
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Table 6-12 - Adjusted odds ratio for major congenital anomalies by maternal NRT and smoking exposure during 2"¢/3™

trimester

All MCAs combined
Heart

Limb

Genital system
Urinary system
Chromosomal
Musculoskeletal
Oro-facial cleft
Digestive system
Nervous system
Other malformations?®
Eye

Respiratory system
Genetic

Abdominal wall
Ear, face & neck

NRT exposed group*¥ Smokers**¥ Unknown¥

n= 1,827 n= 37,250 n= 79,152
AOR# (99% CI) p-value AOR#% (99% CI) p-value AOR# (99% CI) p-value
0.85 (0.57-1.26) 0.285 1.00 (0.91-1.10) 0.936 1.06 (0.99-1.14) 0.041
1.08 (0.55-2.13) 0.757 1.02 (0.86-1.21) 0.787 0.99 (0.87-1.13) 0.861
1.31 (0.59-2.88) 0.380 0.94 (0.75-1.17) 0.487 0.99 (0.84-1.16) 0.847
1.66 (0.78-3.55) 0.082 0.82 (0.72-1.18) 0.411 1.14 (0.96-1.36) 0.047
1.43 (0.49-4.16) 0.385 0.92 (0.67-1.27) 0.511 1.06 (0.84-1.33) 0.523
1.02 (0.23-4.65) 0.961 0.85 (0.56-1.28) 0.313 1.09 (0.83-1.41) 0.424
1.89 (0.58-6.16) 0.166 1.03 (0.70-1.52) 0.826 1.13 (0.85-1.49) 0.268
0.86 (0.14-5.37) 0.828 1.05 (0.69-1.59) 0.748 1.20 (0.88-1.64) 0.123
2.01 (0.62-6.49) 0.125 0.76 (0.49-1.19) 0.118 1.02 (0.75-1.38) 0.873
1.17 (0.26-5.24) 0.792 0.98 (0.65-1.47) 0.904 1.13 (0.83-1.53) 0.314
0.96 (0.15-6.02) 0.952 0.93 (0.59-1.44) 0.654 1.14(0.83-1.56) 0.296
0.56 (0.04-7.47) 0.567 0.77 (0.45-1.30) 0.197 1.23 (0.87-1.75) 0.121
7.61 (2.93-19.74) <0.001 1.07 (0.62-1.86) 0.745 0.93 (0.60-1.44) 0.683
- - 0.85 (0.44-1.66) 0.532 1.26 (0.83-1.92) 0.150
- - 3.62 (1.54-8.47) <0.001 2.04 (0.89-4.61) 0.025
- - 1.52 (0.45-5.16) 0.376 1.60 (0.58-4.43) 0.230

*NRT=nicotine replacement therapy prescription in late pregnancy, **smoking in pregnancy

¥Reference category = non-smokers during early pregnancy, # adjusted for maternal age at conception, Townsend score, maternal hypertension,

diabetes and epilepsy

MCAs= Major Congenital Anomalies, AOR = Adjusted Odds Ratio, CI = confidence interval
¥ e.g. Asplenia, conjoined twins etc.

159



6.4 DISCUSSION

6.4.1 Principal findings

This study found that NRT exposure during early pregnancy was not associated
with an increased risk of overall and system-specific MCAs in the offspring
compared with non-smokers and smokers except for an increased risk of
respiratory anomalies; however this finding was based on only 10 cases exposed
to NRT. These findings remained unaltered when the population was restricted to
only singleton live-borns and to women with a gestational smoking status
recording in their primary care data. No increased risks of MCAs were found with

2"/3™ trimester NRT exposure.

6.4.2 Strengths and limitations

This is the largest study to date to investigate the association between NRT
prescribing in pregnant women and the presence of MCAs in their offspring.
Because the study was based on routinely collected population-based data, the
ascertainment of congenital anomaly cases was independent of the exposure

variable minimising the potential for selection bias in the study.

Although in the UK congenital anomalies are diagnosed in secondary care, major
diaghoses should be communicated to the patients’ general practitioners
resulting in a primary care record for MCAs. The prevalence of MCAs in THIN has
been shown to be highly comparable to EUROCAT dater—”| Furthermore, MCA
diagnosis using clinical coding in electronic primary care data has also been

validated against doctor-provided written records reported directly from the

general practicelj

The study was unable to assess MCAs in pregnhancies that ended in stillbirth as
congenital anomalies are not comprehensively detected and are poorly recorded
for stillborn children. Nevertheless, this exclusion of stillborn children is unlikely

to cause substantial underestimation of the cases of MCAs or bias the
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associations under study because the prevalence of stillbirth in the UK is only

0.6°/1jout of which 8-14% can be attributed to MCAs[ZF>°|The study also did

not include any miscarriages as most of the miscarriages take place early in
pregnancylilwhen women may not know that they are pregnant and therefore

it is not possible to ascertain MCAs in these.

Previous studies have used women’s self-reports to define NRT exposure which

100p114

is subject to reporting errors and bias In contrast, the measurement of

NRT exposure in this study was based on recorded GP prescribing. As discussed
earlier, in the UK women can access NRT in settings other than the GP practice,
which means that some women in the smokers /non-smokers category may
have received NRT from pharmacies or SSSPs, not documented in the GP

records. This may bias the estimates towards null. However, as discussed in

Section|5.4] OTC purchasing of NRT is assumed to be infrequent and GP data

include SSSP prescribing as well, therefore any misclassification in the exposure

will be minimal and non-differential.

Measuring actual drug consumption in any large population-based study is
difficult and is a limitation in previous studiesIT_mISimiIarIy, in primary care data
it is not possible to establish if the women actually used the NRT that was
prescribed. However, women are generally more motivated to quit during
preghanc and NRT is only prescribed after a discussion on potential benefits

and harms and if the woman agrees to use itEIAIthough data from RCTs show

100106

low compliance to NRT especially during pregnancy most of these report a

107-109

median duration of at least two weeks for NRT use The average duration

of prescribed NRT was two weeks on average as discussed in Section|5.3.2

therefore it is assumed that women did comply with the NRT prescription. Also,
the exposure time of two weeks is fairly short and if there is a higher risk of

MCAs with longer NRT exposure this study may not have been able to capture it.
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Similarly, ascertaining accurate smoking status is difficult in studies, especially
in pregnant women as there is a high potential for misreporting due to the social
stigma attached to smoking in pregnancy. All the previous studies investigating
the association between maternal smoking and MCAs have relied on self-
reported smoking status through interviews or surveys, as biochemical validation
is practically difficult and expensive in population-based studieslﬂ Similarly, in
primary care data it is not possible to be completely certain about the accuracy
of the smoking status records in women’s electronic notes, as entries are not
biochemically validated and are also based on self-reports of women. In this
study pre-conception records were also included to ascertain women’s smoking
status during early pregnancy which may result in misclassification of some non-
smokers as smokers and bias the effect estimates towards null. However, a
substantial misclassification is unlikely as approximately 35-50% of pregnancies

in the UK are unplanned,3! 32

which means that only some women are likely to
make positive behaviour changes such as quitting smoking before attempting to
conceive. To address this issue the risks of MCAs were recalculated using only

gestational smoking records to define smokers and non-smokers and the

findings remained unchanged.

Congenital anomaly is a rare condition and from previous work it is known that
NRT prescribing among pregnant women is also rareIT_STI Therefore, only 1,594
children had mothers with NRT prescriptions in early pregnancy which although
did not provide adequate power (post-hoc power: 60%) but was still about 5
times bigger than the previous study The number of NRT exposed cases of
MCA was also 6 times higher than the Danish study (58 vs 11 cases).
Nevertheless, much larger numbers are needed to assess the association

between NRT exposure and specific anomaly groups.

162



6.4.3 Interpretation and conclusion in light of the current literature

In this study the odds of major congenital anomalies in offspring of women
prescribed NRT was 34% higher compared to non-smokers, although this finding
was not statistically significant. Similarly, the absolute risks of system-specific
anomalies were also generally higher than in the overall population and
smokers, although these differences were small. A potential explanation for this
finding may be that women who were prescribed NRT during pregnancy may be

heavier smokers for some part of their pregnancy or immediately before their

2594260

pregnancy and found it difficult to quit without pharmacotherapy leading

to confounding by indication. Although data on the exact time of NRT
prescription in pregnancy was available, there is still inadequate information in
the data regarding the smoking intensity of women before getting an NRT
prescription. Therefore, it is difficult to completely separate the effects of
smoking for some part of pregnancy from the effects of NRT. Additionally,
despite adjustments in the analysis for sociodemographic factors and maternal
morbidities, women prescribed NRT may have differed in unrecorded ways.
Thus, unmeasured confounding factors may have contributed to the higher OR

point estimate for NRT.

The only observational study on NRT and congenital anomalies, using the DNBC,
showed that the women who used NRT in the first 12 weeks of pregnancy, but
did not smoke, were more likely to have infants with congenital anomalies (OR
1.61, 95% CI 1.01-2.58) compared to non-smokers however when the analysis
was only restricted to MCAs no association was found (OR 1.13, 95% CI 0.62-
2.07)|i| The exposure time in the DNBC study was very similar to this study
(i.e. early pregnancy) and despite the different exposure definition (self-reported
NRT use in the DNBC study and GP prescribed NRT in this study) both the
studies did not find any significantly increased risk of major congenital

anomalies in relation to NRT, which is reassuring. In comparison, the SNAP trial
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assessed NRT use at a later stage of pregnancy and reported a 30% lower
likelihood of congenital anomalies in the NRT group compared to placebo group;
however the results were not statistically significant and based on a very small
number of events (9 events in NRT group compared to 13 events in placebo
group)lilWhen the exposure time in this study was changed to 2"%/3™ trimester
NRT exposure the association between NRT and major CAs was did not become

statistically significant, which mirrors the findings of the SNAP trial.

For mothers who smoked during early pregnancy this study found no association
with congenital anomalies in their infants. This is very similar to the results from
a large meta-analysis of 172 observational studies on maternal smoking in
pregnancy with a total of 173,687 malformation cases and 11,674,332 controls,
which found the OR for all congenital anomalies to be 1.01 (95% CI 0.96-
1.07)|jHowever, the magnitude of effect for system-specific anomaly groups
were slightly different e.g. the systematic review found a significantly increased
risk of heart defects associated with maternal smoking (OR 1.09, 95% CI 1.02-
1.17)|j1n comparison, this study found an increase of 2% in the risk of heart
defects associated with maternal smoking (OR 1.02, 99% CI 0.86-1.21), which
was not statistically significant. In line with the findings of this chapter, the
Baltimore-Washington Infant Study also did not find a statistically significant
association between maternal smoking and congenital heart defects (OR 1.07,
95% CI 0.80—1.45)|f|The meta-analysis also found a higher risk of
musculoskeletal defects, orofacial clefts, limb defects, eye defects and
gastrointestinal defect4°®|contrary to the findings reported here. A potential
explanation for the difference in the estimates could be the very large sample
size in the meta-analysis compared to this study and the use of 99% confidence
intervals compared to the standard 95% ClIs presented in the meta-analysis. A
recent study on Greece based on 167 children with congenital heart defects

found a three-fold increase in the risk of congenital heart defects associated with
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maternal smokinﬂwhich is higher compared to the findings reported in this
chapter and other available literature. This study, however, collected smoking
exposure in the first trimester retrospectively after the delivery which increases
the potential for recall bias. Additionally, no adjustments were made for other

maternal co-morbidities (e.g. epilepsy), and socioeconomic status which may be

important confounderslﬂs’l246 5T) The risk of nervous system anomalies was not

found to be higher with maternal smoking (OR 0.98, 95% CI 0.65-1.47).
Correspondingly, the OR for neural tube defects, which is the most common
nervous system anomaly, in the NBDPS study, a national study from the US,

was found to be 0.9 (95% CI 0.8-1.11)E|

The limited evidence of maternal exposure to NRT during pregnancy and the risk
of congenital anomalies in the offspring has not shown any significant
associations between these factors. This study with much larger numbers than
any other previous study did not find a protective or harmful effect of NRT
during pregnancy. Therefore, it may be likely that there is no true association
between NRT exposure during pregnancy and congenital anomalies in the
offspring. However, it is difficult to be completely certain in the absence of
adequate statistical power, for which an even larger study is required.
Furthermore, other birth outcomes also need to be assessed in relation to NRT
and smoking during pregnancy before making conclusions about the overall

safety of the drug during pregnancy.
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7 NICOTINE REPLACEMENT THERAPY, MATERNAL
SMOKING IN PREGNANCY AND OTHER BIRTH

OUTCOMES

7.1 INTRODUCTION

The previous chapter investigated and described the association between
exposure to NRT and maternal smoking as recorded in primary care data and
congenital anomalies. This chapter focuses on examining the relationship
between NRT exposure, maternal smoking and other birth outcomes to

comprehensively assess the safety of NRT in pregnancy.

Maternal smoking during pregnancy has been associated with several adverse

birth outcomes including stillbirth, low birth weight and other birth outcomes as

discussed in Section|1.1.1| Approximately 4-7% of stillbirths in developed

countries can be attributed to maternal smoking|“”|A population-based study
from Australia with a total sample of 191,941 births reported the risk of stillbirth
to be twice as high in smokers compared to non-smokers after 34 weeks of
gestation.liISimilar results were reported by a Danish study assessing the risk
of stillbirth in 25,012 singleton children of pregnant women between September
1989 and August 1996|i In addition, a meta-analysis of four studies from

Australia, Sweden, Canada and the USA found maternal smoking to increase the

risk of stillbirth by 36%E

Maternal smoking has also been linked to low birth weight in infants and has
been reported as one of the most important preventable causes of low birth
WeightlfIA Dutch study from the early 1990s including approximately 800

preghant women reported a 19g reduction in birth weight for each cigarette

smoked in the day while pregnantlil As discussed in Section[1.1.1.2]recent

data from the developed countries reports a reduction of 165g in birth weight
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associated with maternal smokinglehis was even greater for heavy smokers
where the birth weight reduced by 226g compared to non-smokersl’jl

Whilst there is clear evidence of the association of smoking with outcomes like
stillbirth and low birth weight the understanding of the relationship between
maternal smoking and the mode of delivery is vague. There are very few
studies examining this relationship. A recent study conducted in Germany using
a perinatal database including 170,254 singleton pregnancies found no increased
risk of caesarean section associated with maternal smokingljSimiIar results
were found in smaller hospital-based studies from Spain and Hong Kong with no

statistically significant association between maternal smoking and caesarean

267268

section A cross-sectional study from the UK using 15,288 births from the

Millenium Cohort Data also did not find any effect of smoking on whether a
woman had medical intervention at birth (OR 1.003, 95% CI 0.88-1.44) or
caesarean section (OR 1.15,95% CI 0.95—1.39)|f|However, a study conducted
in @ maternity unit at St. Marys hospital, Portsmouth, UK on 400 smoking
mothers and 400 non-smoking mothers showed that the risk of caesarean
section was twice as high in smokers compared to non—smokersliISimilarly, a
recent study conducted in Israel, including approximately 6000 pregnancies,
reported the risk of any operative or instrumental intervention to be higher in

smokers compared to non-smokers OR 1.24 (95% CI 1.01—1.52)|7_7|

The studies examining the association between NRT and these birth outcomes
are even more limited. To date, there is only one observational study that has
assessed the association between maternal NRT use and stiIIbirthlﬂOther

evidence comes from RCTs of NRT patches and gum with inadequate power to

100§107/§109

assess safety outcomes Data from the DNBC suggest no increased risk

of stillbirth associated with NRT use in the first 27 weeks of pregnancy (HR =
0.57, 95%CI 0.28-1.16) compared to those who did not use NRT and did not

smoke). In comparison, women who both smoked and used NRT had an HR of
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0.83 (95%CI 0.34-2.00) compared with non-smoking women who did not use
NRT.I_‘:T|A meta-analysis of three RCTs assessing stillbirth as a secondary
outcome also reported similar findings with no increased risk of stillbirth

associated with NRT use compared to placebo (pooled OR 1.98, 95% CI 0.55-

7.07)|"**|Table 7-1|summarises the studies assessing NRT and birth outcomes

including stillbirth, birth weight and mode of delivery.

The few studies assessing the association between NRT and birth weight present
mixed evidence. Data from the observational studies report either no association
between NRT and birth weigh or show an increased risk of low birth weight

associated with NRT useIT_rrIIn comparison, data from the trials report either no

100f10/f108

significant effect of NRT on infant’s birth weigh or report higher birth

weight in babies born to women randomised to NRT compared to the placebo

group (mean difference 337g, (p<0.01m Table 7-1).

The association between NRT and caesarean section has only been investigated

in the SNAP trial which found a 45% increased risk of caesarean section

associated with NRT use compared to placebo (Table 7-1).
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Table 7-1 - Summary of studies assessing the association between NRT use and birth outcomes

First Study methodology | Sample size Exposure Assessment Outcome Results for NRT safety
author, (Inclusion/Exclusi Assessment
year and on)
location
NRT and stillbirth
Strandberg | Cohort study using 87,032 pregnancies NRT self-reported usage, Stillbirth, defined Women who used NRT during
-Larsen Danish National Birth between 1996-2002 | total number of weeks with as any foetus that pregnancy had a HR of 0.57 (95%(CI
(2008), Cohort NRT use during the first 27 did not breathe or 0.28-1.16) for still birth compared to
Denmark weeks of gestation, NRT show any other those who did not use NRT. Women
type used signs of life at birth | who both smoked and used NRT had a
after a minimum of | HR of 0.83 (95%CI 0.34-2.00)
20 weeks of compared with non-smoking women
gestation, derived who did not use NRT
from The Civil
Registration
System and Danish
Medical Birth
Registry
Coleman Large, double-blinded, | 1050 participants 4 weeks supply of Standard Secondary 5 cases in NRT group and 2 cases in

I_%)12), UK

placebo-controlled
multicentre RCT

between 16 to 50
years with
pregnancies of 12-
24 weeks of
gestation smoking
five or more
cigarettes per day

nicotine patch (15mg/16
hrs) versus visually
identical placebo, started on
the quit date

outcome: Adverse
pregnancy and
birth outcomes
including stillbirth

the placebo group. Stillbirth - OR
2.59 (95% CI 0.50-13.4)

Oncken
(2008),
Connecticu
t and
Massachus
ettd™]

Prospective,
randomised, double-
blind placebo-
controlled clinical trial.

100 women
randomised to
nicotine gum and 94
to placebo

Individualised behavioural
counselling and 6 week
treatment with 2mg nicotine
gum versus placebo

Stillbirth as a
secondary outcome

2 cases in the NRT group and 0 cases
in the placebo group. Stillbirth - OR
4.55 (0.22- 93.63)
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Pollack
(2007),
North
Carolina,

uUsA™]

An open-labelled non-
placebo, randomised
trial

Cognitive
Behavioural Therapy
(CBT)-only (n=59)
versus CBT+NRT
(n=122) in pregnant
women between 13
and 25 weeks of
gestation.

Control: received a “Quit
kit” (which contained a
booklet, water bottle,
straws, candy,

exercise band, and stress
management tape), as well
as 3 counselling sessions
from a

“support specialist” based
on motivational
interviewing, trans
theoretical model and social
cognitive theory.
Intervention: as above plus
an option of NRT by patch,
gum or lozenge. Participants
could change mode of
administration if they
wished.

Stillbirth as a
secondary outcome

1 cases in the CBT+NRT group and 1
case in the only CBT group. OR 0.49
(0.03- 7.66)

NRT and low birth weight

Coleman

I_%312), UK

Large, double-blinded,
placebo-controlled
multicentre RCT

1050 participants
between 16 to 50
years with
pregnancies of 12-
24 weeks of
gestation smoking
five or more
cigarettes per day

4 weeks supply of Standard
nicotine patch (15mg/16
hrs) versus visually
identical placebo, started on
the quit date

Secondary
outcome: Adverse
pregnancy and
birth outcomes
including birth
weight

Low birth weight - OR 1.38 (95% CI
0.90-2.09), mean difference in birth
weight=-0.05 (95% CI -0.17, 0.08).
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Lassen Cohort study using 72,761 pregnancies NRT self-reported usage, Offspring Birth Total NRT use not significantly

(2010), Danish National Birth between 1996 and total number of weeks with weight in mothers associated with changes in birth

Denmar Cohort, a nationwide 2002 NRT use during the first 27 using NRT weight (b=0.25g per week of NRT use

2 study of pregnant weeks of gestation, NRT (95%CI -2.31, 2.81)). Simultaneous
women and their type used use of >1 product associated with a
offspring including statistically insignificant decrease in
101,042 pregnancies birth weight (b=-10.73g per week of
between 1996 and NRT use (95% CI -26.51,5.05))
2002

Gaither Cross-sectional study | 6,041 women Smoking, Low birth weight After the adjustment for age, marital

(2009), using data from 2004 | between the ages of | NRT prescription defined as <2500g | status, education and race/ethnicity

North Phase V Pregnancy 18-45 years out of Versus at birth) women recommended NRT had twice

Carolina, Risk Assessment which 5,716 Non-smoking women during the risk of low birth weight compared

usa[™] Monitoring System included in the final pregnancy to non-smokers (OR=1.95, 95%CI

analysis 1.10-3.46)

Oncken Prospective, 100 women Individualised behavioural Offspring birth Mean difference in the birth weight

(2008), randomised, double- randomised to counselling and 6 week weight between offspring of mothers using

Connecticu | blind placebo- nicotine gum and 94 | treatment with 2mg nicotine NRT versus mothers on placebo=337g

t and controlled clinical trial. | to placebo gum versus placebo (p<0.001)

Massachus

ett§™]
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Pollack An open-labelled non- | Cognitive Control: received a “Quit Birth weight The mean difference between the
(2007), placebo, randomised Behavioural Therapy | kit” (which contained a CBT+NRT and CBT only arm in the
North trial (CBT)-only (n=59) booklet, water bottle, birth weight = -71g (p=0.51)
Carolina, versus CBT+NRT straws, candy,
uUsA™] (n=122) in pregnant | exercise band, and stress
women between 13 management tape), as well
and 25 weeks of as 3 counselling sessions
gestation. from a
“support specialist” based
on motivational
interviewing, trans
theoretical model and social
cognitive theory.
Intervention: as above plus
an option of NRT by patch,
gum or lozenge. Participants
could change mode of
administration if they
wished.
Wisborg Double-blinded, Pregnant women Women randomized to Birth weight Mean difference between NRT and
(2000), placebo-controlled who smoked ten or nicotine were placebo group (186 g, 95% CI 35-336
Denmark RCT more cigarettes treated with 15-mg patches g. RR for low birth weight with NRT

after the first
trimester (250) were
randomly assigned
to receive nicotine
patches (124) or
placebo patches
(126).

(16 hours/day) for 8 weeks,
and

10-mg patches (16
hours/day) for 3 weeks.

use during pregnancy =0.40, (95% CI
0.10-1.10)

NRT and mode of delivery
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Coleman

I%I)lz), UK

Large, double-blinded,
placebo-controlled
multicentre RCT

1050 participants
between 16 to 50
years with
pregnancies of 12-
24 weeks of
gestation smoking
five or more
cigarettes per day

4 weeks supply of Standard
nicotine patch (15mg/16
hrs) versus visually
identical placebo, started on
the quit date

Secondary
outcome: Adverse
pregnancy and
birth outcomes
including mode of
delivery

Caesarean section delivery — OR 1.45
(95% CI 1.05-2.01)
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Given the dearth of information on the safety of NRT use during pregnancy and
the inconclusive evidence arising from the limited literature available, this
chapter focuses on examining the associations between NRT and smoking
exposure during pregnancy as recorded in primary care and adverse birth

outcomes. The specific objectives for this chapter are:

1. To examine the risk of stillbirth and fetal death (stillbirth and
miscarriage) associated with maternal NRT and smoking exposure during
pregnancy as described in primary care data

2. To assess the association between maternal NRT and smoking exposure
during pregnancy, as recorded in primary care data, with birth weight

3. To assess the association between maternal NRT and smoking exposure
during pregnancy as described in primary care data and mode of

delivery

7.2 METHODS
7.2.1 Study population

The study population used for assessing stillbirth and mode of delivery was the

same as described in Section|5.2.1i.e. all pregnancies between January 2001

and September 2009 in women of childbearing age (15-49 years) which resulted

in either a live birth or a stillbirth.

For low birth weight all live born children delivered between January 2001 and
December 2009 with linked mother records and a recording for birth weight in
their primary care records were included in the analysis. Stillborn children only
constituted 0.07% of the total population and were excluded from this analysis
as there may be higher risks of fetal growth restriction in stillborns compared to

liveborns.
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7.2.2 Exposure

Two different time windows were used to classify the study population into one
of the exposure categories: NRT group, smoker, non-smoker and unknown.
Firstly, early pregnancy NRT and smoking exposure (defined as exposure

between four weeks before conception until the end of the first trimester), as

recorded in primary care data, was assessed as described in Section|6.2.2

Additionally, the exposure window was expanded to the whole course of
pregnancy until delivery to assess the effects of NRT or smoking exposure any
time during pregnancy on stillbirth. This exposure window was then also used for
assessing the risk of low birth weight and the mode of delivery as fetal growth

takes place throughout pregnancy.

7.2.3 Outcomes

7.2.3.1 Stillbirth

Stillbirth was defined as a baby born with no signs of life at or after 28 weeks of
gestation, in accordance with the WHO definitionliIInformation on stillbirth was

extracted from the birth outcome variable pre-defined in the mother-child linked

data, which has been described in Section|2.5

A variable combining both stillbirth and miscarriage was created, called fetal
death to assess the effect of NRT and smoking exposure on overall fetal death.
It should however be noted that the information on miscarriages in these data is

not complete which may have implications on the results.

7.2.3.2 Birth weight

Firstly, birth weight was also used as a continuous variable to examine the

change in birth weight by each category of exposure. Then, low birth weight was
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defined as a live born baby with a birth weight of less than 25009 (2.5kg)

according to the WHO definition of low birth weightl’:I

7.2.3.3 Mode of delivery

Mode of delivery was also pre-defined in the mother-child linked file and
categorised as normal delivery, assisted delivery and caesarean section. All
pregnancies where there was no record of caesarean delivery or an assisted

delivery were categorised as normal deliveries.

7.2.4 Statistical analysis

7.2.4.1 Stillbirth

The absolute risk of stillbirth was calculated by dividing the total humber of
stillbirths by the number of stillbirths and live births combined. Logistic
regression was used to compute ORs and corresponding 99% ClIs for stillbirth for
the NRT group and smokers, using non-smokers as the reference group.
Maternal age, Townsend quintile, maternal diabetes, hypertension, asthma, pre-

conception body mass index and mental illnesses were considered as potential

1950199021 1024 2-2440272-274

confounders based on the previous literature The covariates

which had a significant statistical association with the exposure and the
outcomes in chi-squared tests were included in the final model. The potential

clustering of pregnancies among mothers was accounted for using the clustered

180181

sandwich estimato The reference group was then changed to smokers and

the ORs were re-calculated. This analysis was then repeated using the entire

pregnancy until the outcome as the exposure time for NRT and smoking.

To estimate the association between NRT and smoking exposure during

pregnancy with fetal death (defined here as stillbirth and miscarriages) the risk

of fetal death was calculated for NRT and smoking exposure during the entire
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pregnancy time until the outcome, using the analysis techniques described

above.

7.2.4.2 Birth weight

The association between NRT exposure maternal smoking during pregnancy and
birth weight was analysed using a multiple linear regression model, treating
birth weight as a continuous outcome. Only complete case analysis was
conducted i.e. only babies with a recording of birth weight were included in this
analysis. Potential confounding factors (described above) and clustering were
adjusted for in the analysis. The regression co-efficient (B) represents the
average change in birth weight in grams associated with NRT group and smoking
in relation to non-smokers. The risk of low birth weight for the NRT group and
smokers was calculated in a similar fashion using univariable and multivariable

logistic regression models as described above.

7.2.4.3 Mode of delivery

A multinomial logistic regression model (for categorical study outcomes) was
used to obtain relative risk ratios (RRR) for assisted delivery and caesarean
section relative to normal delivery in the NRT group, smokers and unknown
categories compared to non-smokers. This model extends logistic regression by
estimating the effect of one or more exposure variables on the probability that
the outcome is in a particular categoryliIRobust CIs were calculated and
appropriate adjustments in the RRRs for potential confounders were made in the

same way as described above.
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7.2.5 Sensitivity analysis

7.2.5.1 Reclassifying smokers and non-smokers based on gestational smoking
status recording

Similar to the previous chapter, the definition of smokers was restricted to only

mothers who had a gestational smoking record during pregnancy and the non-

smokers to mothers who had a gestational record in their primary care data

indicating them to be non-smokers. This was done for both the early pregnancy

exposure and exposure throughout pregnancy. The absolute and relative risks of

stillbirth, low birth weight and different modes of delivery were re-calculated

using this definition.

7.2.5.2 Risk of low birth weight stratified by pre-term birth

Since birth weight is directly related to gestational agﬂthe risk of low birth
weight was further stratified by whether the baby was born preterm or not.
Preterm birth was defined as babies born alive before 37 weeks of pregnancy in
line with the WHO definition and deliveries occurring at or after 37 weeks of
gestation were classified as term deliveries for purposes of this analysis.
Unadjusted and adjusted ORs and corresponding CIs were calculated separately

for preterm and term deliveries.

7.2.6 Sample size calculations

The prevalence of stillbirth in the UK is estimated to be approximately 5/1000
live and stiIIbirthsliIBased on the known prescribing prevalence of NRT and
maternal smoking during pregnancy from previous chapters, a sample size of
96,641 children with mothers prescribed NRT was needed to detect an OR of
1.50 with 80% power at 1% level of significance. For maternal smoking, a
sample size of 12,903 children with mothers who smoked during pregnancy was

needed to detect an OR of 1.50, with 80% power at 1% level of significance.
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Considering the standard deviation of birth weight in general population to be
466g|i|a sample size of 7,646 babies will have 80% power to detect a mean
difference of 150g with a two-sided level of significance of 5%. The prevalence
of low birth weight in the UK in 2009 was approximately 7%|i|1n light of this,
and the smoking and NRT prescribing prevalence from the previous chapter, a
sample size of 43,029 children with mothers prescribed NRT was needed to
detect an OR of 1.50 with 80% power at 1% level of significance. For smoking
exposure a sample of 5,907 children with maternal smoking exposure was

needed to detect an OR of 1.50 with 80% power at 1% level of significance.

7.3 RESULTS

7.3.1 Stillbirth

7.3.1.1 Baseline characteristics

The study population included 255,441 pregnancies delivered between 2001 and
2009 out of which 1,044 ended in stillbirths, giving a prevalence of 4/1,000 live
and stillbirths. Pregnancies that were conceived at later ages (>35 years)
resulted in a higher prevalence of stillbirth. The prevalence of stillbirths was also
higher in pregnant women with diabetes and mental illness (3.5% and 11.9%
respectively). The distribution of socioeconomic status, pre-conception BMI, and
the prevalence of chronic illnesses like asthma and hypertension were

comparable in women with stillbirth and those with live births.
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Table 7-2 - Baseline characteristics for all pregnancies, by live birth and

stillbirth
All pregnancies Live births Stillbirths
N=255,441 N=254,397 N=1,044

n % n % n %
Age at conception
15-19 years 14,141 5.5% 14,066 5.5% 75 7.2%
20-24 years 40,879 16.0% 40,703 16.0% 176 16.9%
25-29 years 65,029 25.5% 64,796 25.5% 233 22.3%
30-34 years 79,959 31.3% 79,683 31.3% 276 26.4%
35-39 years 45,765 17.9% 45,543 17.9% 222 21.3%
40-44 years 9,179 3.6% 9,122 3.6% 57 5.5%
45-49 years 489 0.2% 484 0.2% 5 0.5%
Townsend score in
quintiles
Quintile 1 (least deprived) 57,859  22.7% 57,658 22.7% 201 19.3%
Quintile 2 47,841 18.7% 47,664 18.7% 177 17.0%
Quintile 3 49,670 19.4% 49,465 19.4% 205 19.6%
Quintile 4 47,292 18.5% 47,086 18.5% 206 19.7%
Quintile 5 (most deprived) 36,103 14.1% 35,902 14.1% 201 19.3%
Missing 16,676 6.5% 16,622 6.5% 54 5.2%
Pre-conception Body
Mass Index (kg/m?)
Normal(18.5-24.9) 80,016 31.3% 79,737 31.3% 279 26.7%
Underweight(<18.5) 5,856 2.3% 5,825 2.3% 31 3.0%
Overweight(25-29.9) 38,945 15.2% 38,785 15.2% 160 15.3%
Obese(>=30) 26,741 10.5% 26,595 10.5% 146 14.0%
Missing 103,883 40.7% 103,455 40.7% 428 41.0%
Asthma 21,884 8.6% 21,802 8.6% 82 7.9%
Hypertension 6,885 2.7% 6,848 2.7% 37 3.5%
Diabetes 5,971 2.3% 5,930 2.3% 41 3.9%
Mental iliness 24,178 9.5% 24,054 9.5% 124 11.9%
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7.3.1.2 Association between NRT and smoking exposure in early pregnancy and

stillbirth

Table 7-3|presents the odds of stillbirth in relation to NRT exposure and

maternal smoking during early pregnancy. The prevalence of stillbirth in the
study population was found to be 4/1,000 live and stillbirths. The absolute risk
of stillbirth was 4/1,000 live and stillbirths amongst the NRT group and 5/1000

live and stillbirths among smokers.

In the unadjusted analysis there was no statistically significant increased risk of
stillbirth associated with NRT exposure during early pregnancy. However, women
who smoked during early pregnancy were 35% more likely to have stillbirths
compared to non-smokers (OR 1.35, 99% CI 1.08-1.68). The association
between NRT exposure in early pregnancy and stillbirth did not reach statistical
significance when adjusted for the potential confounders (OR 1.19, 99% CI
0.47-3.01). The association between maternal smoking and stillbirth was,
however, still significant after adjusting for maternal age at conception,
Townsend quintile, pre-conception BMI, diabetes and mental iliness, with a 27%
increase in the risk of stillbirth associated with maternal smoking during early

pregnancy (OR 1.27, 99% CI 1.01-1.60).

When the reference group was changed to smokers, no increased risk of
stillbirth was found for NRT exposure in comparison to smoking (OR 0.94, 99%

CI 0.36-2.38).
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Table 7-3 — Risk of stillbirth by NRT and smoking exposure only during early pregnancy

Total population Stillbirths Unadjusted OR p-value Adjusted OR p-value

N=255,441 n (%) (99% CI) (99%CI)#*

Non-smoker*** 125,261 450 (0.4%) 1 1
NRT-exposed group * 1,759 8 (0.4%) 1.26 (0.50-3.18) 0.508 1.19 (0.47-3.01) 0.622
Smoker** 41,603 201 (0.5%) 1.35 (1.08-1.68) <0.001 1.27 (1.01-1.60) 0.007
Unknown 86,818 385 (0.4%) 1.23 (1.03-1.48) 0.002 1.20 (1.00-1.45) 0.010

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early preghancy ,

Ffadjusted for maternal age, Townsend score, diabetes, mental illness and Body Mass Index, multiple births

OR=0dds ratio, CI= confidence interval

***non-smokers during early pregnancy
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7.3.1.3 Association between NRT, smoking exposure during the entire
pregnancy and stillbirth
When the exposure time was expanded to include any NRT prescribing or

smoking until delivery the absolute risks were similar.

No increased risk of stillbirth was found to be associated with NRT exposure

(adjusted OR 1.67, 99% CI 0.94-2.99) (Table 7-4). Maternal smoking any time

during pregnancy was also not found to be associated with an increased risk of

stillbirth (OR 1.19, 99% CI 0.95-1.52).

When the reference group was changed to smokers, no increased risk of
stillbirth was found in the NRT group in comparison to smoking (OR 1.39, 99%

CI 0.76-2.53).
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Table 7-4 - Risk of stillbirth by NRT and smoking exposure throughout pregnancy

Total population Stillbirths Unadjusted OR p-value Adjusted OR p-value
N=255,441 n (%) (99% CI) (99%CI) *
Non-smoker*** 123,356 447 (0.4%) 1
NRT-exposed group * 3,254 21 (0.6%) 1.79 (1.00-3.18) 0.010 1.67 (0.94-2.99) 0.022
Smoker** 42,089 193 (0.5%) 1.26 (1.00-1.58) 0.001 1.19 (0.95-1.52) 0.046
Unknown 86,742 383 (0.4%) 1.22 (1.01-1.45) 0.002 1.18 (0.98-1.43) 0.018

*NRT=nicotine replacement therapy prescription any time during pregnancy, **smoking any time during pregnancy, ***non-smokers

during pregnancy *adjusted for maternal age, Townsend score, diabetes, mental illness and Body Mass Index, multiple births

OR=0dds ratio, CI= confidence interval
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7.3.1.4 Association between NRT, smoking exposure and fetal deatH

Table 7-5|presents the unadjusted and adjusted odds ratios for fetal death in

relation to NRT and maternal smoking exposure during pregnancy. The
prevalence of stillbirth and miscarriages together was the highest among current

smokers (20.8%) and the lowest in the NRT group (9.4%).

NRT exposure during pregnancy was found to have a protective effect on fetal
death such that it reduced the risk of fetal death by half (OR 0.44, 99% CI 0.38-
0.51) in comparison to non-smokers. Smoking was found to increase the risk of
fetal death by 16% (OR 1.16, 99% CI 1.11-1.21) when compared to the risk in

non-smokers.
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Table 7-5 — Risk of fetal death by NRT and smoking exposure throughout pregnancy

Total population Fetal death Unadjusted OR p-value Adjusted OR%* p-value

N=311,802 n (%) (99% CI) (99%CI)

Non-smoker*** 150,175 25,962 (17.3%) 1 1
NRT group * 5,234 491 (9.4%) 0.50 (0.44-0.56) <0.001 0.44 (0.38-0.50) <0.001
Smoker** 50,643 10,560 (20.8%) 1.26 (1.22-1.30) <0.001 1.16 (1.11-1.21) <0.001
Unknown 105,750 20,392 (19.3%) 1.14 (1.11-1.17) <0.001 0.95 (0.74-1.21) 0.571

*NRT=nicotine replacement therapy prescription any time during pregnancy, **smoking any time during pregnancy, ***non-smokers

during pregnancy *adjusted for maternal age, Townsend score, diabetes, mental illness and Body Mass Index, multiple births

OR=0dds ratio, CI= confidence interval
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7.3.1.5 Sensitivity analysis

The results from the sensitivity analysis were very similar to the main results
showing no statistically significant increased risk of stillbirth in the NRT group in
both early pregnancy (OR 1.44, 99% CI 0.54-3.82) and throughout pregnancy
(OR 1.95, 99% CI 1.00-3.63). Similarly, the risk of stillbirth increased by 78% in
mothers who smoked in early pregnancy (OR 1.78, 99% CI 1.04-3.02). This
effect decreased when exposure throughout pregnancy was assessed (OR 1.47,

99% CI 0.96-2.25).
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Table 7-6 - Risk of stillbirth by NRT and smoking exposure only during early pregnancy, using only gestational smoking

records
Total population Stillbirths Unadjusted OR p-value Adjusted OR p-value
N=255,441 n (%) (99% CI) (99%CI)#*
Non-smoker*** 20,068 59 (0.3%) 1 1
NRT-exposed group * 1,759 8 (0.4%) 1.55 (0.59-4.09) 0.246 1.44 (0.54-3.82) 0.336
Smoker** 7,381 41 (0.6%) 1.89 (1.13-3.20) 0.002 1.78 (1.04-3.02) 0.005
Unknown 226,233 936 (0.4%) 1.41 (0.99-1.99) 0.011 1.37 (0.96-1.93) 0.020

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early preghancy ,

Fadjusted for maternal age, Townsend score, diabetes, mental illness and Body Mass Index, multiple births

OR=0dds ratio, CI= confidence interval

***non-smokers during early pregnancy
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Table 7-7 - Risk of stillbirth by NRT and smoking exposure throughout pregnancy, using only gestational smoking records

Total population Stillbirths Unadjusted OR p-value Adjusted OR p-value

N=255,441 n (%) (99% CI) (99%CI) *

Non-smoker*** 32,203 101 (0.3%) 1 1
NRT-exposed group * 3,254 21 (0.6%) 1.79 (1.00-3.18) 0.010 1.95 (1.00-3.63) 0.006
Smoker** 12,126 60 (0.5%) 1.32 (1.06-1.66) 0.001 1.47 (0.96-2.25) 0.019
Unknown 207,757 862 (0.4%) 1.22 (1.01-1.45) 0.002 1.31 (1.00-1.72) 0.018

*NRT=nicotine replacement therapy prescription any time during pregnancy, **smoking any time during pregnancy , ***non-smokers
during pregnancy *adjusted for maternal age, Townsend score, diabetes, mental illness and Body Mass Index, multiple births
OR=0dds ratio, CI= confidence interval
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7.3.2 Low birth weight

7.3.2.1 Baseline characteristics

A total of 96,782 children with linked maternal records had their birth weight
recorded in THIN out of a total population of 232,242 live born children. The
distribution of maternal characteristics in children with a recording of birth
weight and without a recording of birth weight was highly comparable however
the proportion of missing maternal BMI data was lower in children with who had

a recording of birth weight compared to those without a recording of birth

weight (35.4% compared with 44.0%) (Table 7-8).
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Table 7-8 - Recording of birth weight and maternal characteristics

All births (N=232,242) Birth weight recorded (96,872) No birth weight recorded (135,370)
N % n % n %

Age at conception
15-19 years 12,037 5.2% 4,900 5.1% 7,137 5.3%
20-24 years 36,003 15.5% 15,031 15.5% 20,972 15.5%
25-29 years 59,203 25.5% 24,722 25.5% 34,481 25.5%
30-34 years 73,844 31.8% 30,791 31.8% 43,053 31.8%
35-39 years 42,477 18.3% 17,917 18.5% 24,560 18.1%
40-44 years 8,341 3.6% 3,376 3.5% 4,965 3.7%
45-49 years 337 0.1% 135 0.1% 202 0.1%
Townsend score in quintiles
Quintile 1 (most affluent) 53,916 23.2% 22,061 22.8% 31,855 23.5%
Quintile 2 43,850 18.9% 17,839 18.4% 26,011 19.2%
Quintile 3 45,280 19.5% 19,390 20.0% 25,890 19.1%
Quintile 4 42,696 18.4% 18,109 18.7% 24,587 18.2%
Quintile 5 (most deprived) 31,884 13.7% 13,053 13.5% 18,831 13.9%
Missing 14,616 6.3% 6,420 6.6% 8,196 6.1%
Pre-conception Body Mass Index
Normal(18.5-24.9) 73,002 31.4% 32,813 33.9% 40,189 29.7%
Underweight(<18.5) 5,225 2.2% 2,317 2.4% 2,908 2.1%
Overweight(25-29.9) 35,625 15.3% 16,254 16.8% 19,371 14.3%
Obese(>=30) 24,594 10.6% 11,233 11.6% 13,361 9.9%
Missing 93,796 40.4% 34,255 35.4% 59,541 44.0%
Asthma 19,932 8.6% 9,002 9.3% 10,930 8.1%
Hypertension 6,392 2.8% 2,910 3.0% 3,482 2.6%
Diabetes 5,490 2.4% 2,400 2.5% 3,090 2.3%
Mental iliness 22,154 9.5% 10,131 10.5% 12,023 8.9%
Multiple births 8,373 3.6% 3,361 3.5% 5,012 3.7%
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In the 96,782 children with a recording of birth weight, the mean birth weight

was 3.41kgs (sd 0.59) and the mean gestational age was 40 weeks (sd 2.11).

Figure 7-1

presents a histogram of the birth weight (in kilograms) of the 96,782

children with a recording of birth weight. Birth weight was normally distributed

with no skewing towards high or low birth weight.|Table 7-9

presents the

maternal characteristics of children with normal and low birth weight.
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Figure 7-1 - Histogram of birth weight in the study population
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Table 7-9 - Baseline characteristics by birth weight

All live births (N=96,872)

Normal birth weight (N=90,670)

Low birth weight (N= 6,202)

N % n % n %
Age at conception
15-19 years 4,900 5.1% 4,549 5.0% 351 5.7%
20-24 years 15,031 15.5% 14,007 15.4% 1,024 16.5%
25-29 years 24,722 25.5% 23,231 25.6% 1,491 24.0%
30-34 years 30,791 31.8% 28,950 31.9% 1,841 29.7%
35-39 years 17,917 18.5% 16,695 18.4% 1,222 19.7%
40-44 years 3,376 3.5% 3,124 3.4% 252 4.1%
45-49 years 135 0.1% 114 0.1% 21 0.3%
Townsend score in quintiles
Quintile 1 (least deprived) 22,061 22.8% 20,862 23.0% 1,199 19.4%
Quintile 2 17,839 18.4% 16,791 18.5% 1,048 16.9%
Quintile 3 19,390 20.0% 18,201 20.1% 1,189 19.2%
Quintile 4 18,109 18.7% 16,811 18.5% 1,298 20.9%
Quintile 5 (most deprived) 13,053 13.5% 12,006 13.2% 1,047 16.9%
Missing 6,420 6.6% 5,999 6.6% 421 6.8%
Pre-conception Body Mass Index (kg/m?)
Normal(18.5-24.9) 32,813 33.9% 30,667 33.8% 2,146 34.6%
Underweight(<18.5) 2,317 2.4% 2,008 2.2% 309 5.0%
Overweight(25-29.9) 16,254 16.8% 15,310 16.9% 944 15.2%
Obese(>=30) 11,233 11.6% 10,644 11.7% 589 9.5%
Missing 34,255 35.4% 32,041 35.3% 2,214 35.7%
Asthma 9,002 9.3% 8,298 9.2% 704 11.4%
Hypertension 2,910 3.0% 2,501 2.8% 409 6.6%
Diabetes 2,400 2.5% 2,207 2.4% 193 3.1%
Mental illness 10,131 10.5% 9,354 10.3% 777 12.5%
Multiple births 3,361 3.50% 1,823 2.0% 1,538 24.8%
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7.3.2.2 Association between maternal NRT and smoking exposure during

pregnancy and birth weight

Table 7-10|describes the change in mean birth weight for the NRT group and

smokers compared to non-smokers. NRT exposure during pregnancy was
associated with a statistically significant decrease in birth weight of 176g
compared to non-smokers (B = -176g, 99% CI -221g, -131g). In comparison,
smoking during pregnancy was associated with a statistically significant decrease
in birth weight of 120g compared to non-smokers (B =-123g, 99% CI -136g,-

109g).

When the baseline was changed to smokers, the NRT group was found to have

slightly reduced birth weight compared to smokers (B-5g, 99% CI -9qg, -0.79g).
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Table 7-10 - The association between NRT and smoking exposure during pregnancy and mean birth weight

Unadjusted change in mean birth weight (g) Adjusted change in mean birth weight(g)

B (99% CI) p-value B (99% CI)* p-value

NRT group * -211 (-258, -164) <0.001 -176 (-221,-131) <0.001
Smoker** -143 (-157, -129) <0.001 -123 (-136,-109) <0.001
Unknown -30 (-41,-19) <0.001 -28 (-39,-17) <0.001

Non-smokers during early pregnancy considered as baseline
*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy

F¥Adjusted for maternal age at conception, Townsend score, maternal hypertension, diabetes, asthma, mental iliness, Body Mass Index
CI = confidence interval, OR = Odds ratio
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7.3.2.3 Association between NRT exposure, smoking and low birth weight

Table 7-11|presents the prevalence of low birth weight by NRT and smoking

exposure in mothers and the corresponding unadjusted and adjusted odds ratios
(99% CI). The prevalence of low birth weight was the highest in the NRT group
followed by smokers (11.0% and 9.0% respectively). Compared to non-
smokers, children born to women in the NRT group were over twice as likely and
children born to smokers were 64% more likely to have low birth weight. When
adjusted for potential confounders, the risk of low birth weight in the NRT group
was 93% higher compared to non-smokers (OR 1.93, 99% CI 1.48-2.53).
Similarly, the risk of low birth weight in smokers was 69% higher (OR 1.69, 99%
CI 1.53-1.86) compared to non-smoking mothers. When the reference group
was changed to smokers, there was no increased risk of low birth weight in the

NRT group compared to smokers (OR 1.24, 99% CI 0.97-1.59) (p=0.023).
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Table 7-11 - Risk of low birth weight by NRT and smoking exposure during pregnancy

Total population Low birth weight Unadjusted OR p-value Adjusted OR p-value

N=96,872 n (%) (99% CI) (99%CI) *

Non-smoker*** 49,452 2,796 (5.6%) 1 1
NRT group * 1,223 135 (11.0%) 2.07 (1.63-2.63) <0.001 1.93 (1.48-2.53) <0.001
Smoker** 16,135 1,445 (9.0%) 1.64 (1.50-1.79) <0.001 1.69 (1.53-1.86) <0.001
Unknown 30,062 1,826 (6.1%) 1.08 (0.99-1.16) 0.014 1.09 (0.99-1.18) 0.015

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, ***non-smokers during pregnancy

# Adjusted for maternal age, Townsend score, maternal hypertension, diabetes, asthma, mental ililness, Body Mass Index

CI = confidence interval, OR = Odds ratio
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7.3.2.4 Sensitivity analysis
7.3.2.4.1 Maternal NRT and smoking during pregnancy and birth weight, using

only gestational smoking records

Table 7-12|describes the change in mean birth weight for NRT group and

smokers compared to non-smokers, using only gestational smoking records. NRT
exposure during pregnancy was still associated with a statistically significant
decrease in birth weight of 168g compared to non-smokers (f = -168g, 99% CI
-214g, -122g). In comparison, smoking during pregnancy was associated with a
statistically significant decrease in birth weight of 139g compared to non-

smokers (B =-139g, 99% CI -165g,-1139).
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Table 7-12 - The association between NRT and smoking exposure during pregnancy and mean birth weight, using only

gestational smoking records

Unadjusted change in mean birth weight (g) Adjusted change in mean birth weight(g)

B (99% CI) p-value B (99% CI)* p-value

NRT group * -207 (-255, -158) <0.001 -168 (-214,-122) <0.001
Smoker** -168 (-194, -141) <0.001 -139 (-165,-113) <0.001
Unknown -26 (-41,-12) <0.001 -22 (-35,-8) <0.001

Non-smokers during early pregnancy considered as baseline
*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy

*#Adjusted for maternal age at conception, Townsend score, maternal hypertension, diabetes, asthma, mental illness, Body Mass Index
CI = confidence interval, OR = Odds ratio
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7.3.2.4.2 Reclassifying smokers and non-smokers based on gestational smoking

status recording

Table 7-13|presents the prevalence of low birth weight by NRT and smoking

exposure in mothers and the corresponding unadjusted and adjusted ORs (99%
CI) using only gestational smoking status records. The prevalence of low birth
weight across the exposure groups was very similar to the main analysis (11.0%
in the NRT group and 9.4% in smokers). After adjusting for potential
confounders children born to women in the NRT group were 88% more likely
(OR 1.88, 99% CI 1.42-2.49) and children born to smokers were 73% more
likely (OR 1.73, 99% CI 1.45-2.06) to be of low birth weight compared to

children born to non-smokers during pregnancy.
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Table 7-13 - Unadjusted and adjusted Odds ratio for low birth weight by NRT and smoking exposure, using only definitive

smokers and non-smokers

Total population Low birth weight Unadjusted OR p-value Adjusted OR p-value

N=96,872 n (%) (99% CI) (99%CI) *

Non-smoker*** 13,088 740 (5.6%) 1 1
NRT-exposed group * 1,223 135 (11.0%) 2.07 (1.48-2.03) <0.001 1.88 (1.42-2.49) <0.001
Smoker** 4,622 435 (9.4%) 1.73 (1.60-2.67) <0.001 1.73 (1.45-2.06) <0.001
Unknown 77,939 4,892 (6.3%) 1.12 (1.00-1.24) 0.006 1.13 (0.99-1.24) 0.012

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, ***non-smokers during early pregnancy
¥ Adjusted for maternal age, Townsend score, maternal hypertension, diabetes, asthma, mental iliness, Body Mass Index

CI = confidence interval, OR = Odds ratio
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7.3.2.4.3 Risk of low birth weight stratified by pre-term birth

Table 7-14|shows the risk of low birth weight by NRT and smoking exposure

stratified by preterm birth. Both maternal NRT and smoking exposure during
pregnancy were found to be associated with low birth weight in babies in both
preterm and term births. However, the risk of low birth weight was slightly

higher in term births.

When direct comparisons were made with smokers in both term and pre-term
birth, NRT was not found to have any statistically significant increased risk (OR
1.31, 99% CI 0.79-2.20 for pre-term birth and OR 0.99, 99% CI 0.68-1.46 for

term births).
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Table 7-14 - Unadjusted and adjusted odds ratio for low birth weight by NRT and smoking exposure, stratified by preterm

Pirth Unadjusted OR (99% CI) p-value Adjusted OR (95% CI) # p-value
Term birth
Non-smoker* ** 1 1
NRT group * 2.18 (1.54-3.10) <0.001 1.82 (1.25-2.66) <0.001
Smoker** 1.96 (1.73-2.22) <0.001 1.83 (1.59-2.09) <0.001
Unknown 1.14 (1.00-1.27) 0.006 1.09 (0.97-1.24) 0.053
Pre-term birth
Non-smoker* ** 1 1
NRT group * 1.77 (1.10-2.85) 0.002 2.00 (1.21-3.31) <0.001
Smoker** 1.28 (1.09-1.51) <0.001 1.52 (1.27-1.82) <0.001
Unknown 1.00 (0.87-1.15) 0.972 1.06 (0.91-1.23) 0.354

*NRT=nicotine replacement therapy prescription in early pregnancy, **smoking in early pregnancy, ***non-smokers during early pregnancy

¥Adjusted for maternal age, Townsend score, maternal hypertension, diabetes, asthma, mental iliness, Body Mass Index
CI = confidence interval, OR = Odds ratio
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7.3.3 Mode of delivery

A total of 255,441 pregnancies among a cohort of 201,465 mothers were
identified. Approximately three-quarters of all pregnancies (76.5%) were
delivered through normal vaginal delivery, 6.2% through assisted delivery and
17.3% through caesarean section. Compared to the normal and assisted

deliveries, women with caesarean sections were older and more obese and had a

higher prevalence of hypertension, diabetes and mental illness.|Table 7-15

presents the baseline characteristics of women in all three outcome groups.
Asthma and mental illness were found to be most common in current smokers

and the NRT group. In addition, approximately 50% mothers in smokers group

and NRT group were more deprived (Townsend quintile 4 and 5).|Table 7-16

presents maternal characteristics by NRT exposure and smoking among the
study population. Women prescribed NRT and smokers were more likely to be
from younger and more deprived groups. Additionally, the prevalence of asthma
and mental illness was the highest among pregnant women who smoked during

preghancy or were prescribed NRT during pregnancy.

The prevalence of assisted delivery was found to be the highest in non-smokers
(6.7%) however it wasn't very different in other exposure groups (5.2% in NRT
group and 5.7% in smokers and unknown group). Similarly, the prevalence of

caesarean section was also found to be the highest in non-smokers (18.3%).
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Table 7-15 - Baseline characteristics for all modes of delivery

All Normal delivery Assisted delivery Caesarean delivery
Baseline characteristics N=255,441 n=195,523 n=15,835 n=44,083

n % n % n % n %
Age at conception
15-19 years 14,141 5.5% 11,776 6.0% 974 6.2% 1,391 3.2%
20-24 years 40,879 16.0% 33,271 17.0% 2,452 15.5% 5,156 11.7%
25-29 years 65,029 25.5% 50,717 25.9% 4,271 27.0% 10,041 22.8%
30-34 years 79,959 31.3% 59,892 30.6% 5,187 32.8% 14,880 33.8%
35-39 years 45,765 17.9% 33,182 17.0% 2,494 15.7% 10,089 22.9%
40-44 years 9,179 3.6% 6,374 3.3% 429 2.7% 2,376 5.4%
45-49 years 489 0.2% 311 0.2% 28 0.2% 150 0.3%
Townsend score in quintiles
Quintile 1 (least deprived) 57,859 22.7% 43,195 22.1% 4,028 25.4% 10,636 24.1%
Quintile 2 47,841 18.7% 35,996 18.4% 3,274 20.7% 8,571 19.4%
Quintile 3 49,670 19.4% 37,889 19.4% 3,147 19.9% 8,634 19.6%
Quintile 4 47,292 18.5% 36,933 18.9% 2,601 16.4% 7,758 17.6%
Quintile 5 (most deprived) 36,103 14.1% 28,657 14.7% 1,785 11.3% 5,661 12.8%
Missing 16,676 6.5% 12,853 6.6% 1,000 6.3% 2,823 6.4%
Pre-pregnancy Body Mass Index (kg/m?
Normal(18.5-24.9) 80,016 22.7% 62,131 31.8% 5,724 36.1% 12,161 27.6%
Underweight(<18.5) 5,856 18.7% 4,737 2.4% 391 2.5% 728 1.7%
Overweight(25-29.9) 38,945 19.4% 28,914 14.8% 2,385 15.1% 7,646 17.3%
Obese(>=30) 26,741 18.5% 18,732 9.6% 1,222 7.7% 6,787 15.4%
Missing 103,883 14.1% 81,009 41.4% 6,113 38.6% 16,761 38.0%
Asthma 21,884 22.7% 16,358 8.4% 1,414 8.9% 4,112 9.3%
Hypertension 6,885 18.7% 4,385 2.2% 422 2.7% 2,078 4.7%
Diabetes 5,971 19.4% 3,588 1.8% 356 2.2% 2,027 4.6%
Mental illness 24,178 18.5% 18,338 9.4% 1,385 8.7% 4,455 10.1%
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Table 7-16 - Baseline characteristics by NRT and smoking exposure during pregnancy

All pregnancies NRT group* Smokers* * Non-smokers*** Unknown
N=255,441 n=3,254 n=42,089 n=123,356 n=86,742

n % n % n % n % n %
Age at conception
15-19 years 14,141 5.5% 306 9.4% 4,649 11.0% 4,558 3.7% 4,628 5.3%
20-24 years 40,879 16.0% 791 24.3% 11,421 27.1% 16,387 13.3% 12,280 14.2%
25-29 years 65,029 25.5% 847 26.0% 11,282 26.8% 32,383 26.3% 20,517 23.7%
30-34 years 79,959 31.3% 773 23.8% 8,980 21.3% 41,389 33.6% 28,817 33.2%
35-39 years 45,765 17.9% 447 13.7% 4,767 11.3% 23,692 19.2% 16,859 19.4%
40-44 years 9,179 3.6% 83 2.6% 944  2.2% 4,717 3.8% 3,435 4.0%
45-49 years 489 0.2% 7 0.2% 46 0.1% 230 0.2% 206  0.2%
Townsend score in quintiles
Quintile 1 - least deprived 57,859 22.7% 334 10.3% 5,141 12.2% 30,828 25.0% 21,556 24.9%
Quintile 2 47,841 18.7% 381 11.7% 5,886 14.0% 24,779 20.1% 16,795 19.4%
Quintile 3 49,670 19.4% 620 19.1% 8,258 19.6% 24,084 19.5% 16,708 19.3%
Quintile 4 47,292 18.5% 884 27.2% 10,478 24.9% 20,636 16.7% 15,294 17.6%
Quintile 5 - most deprived 36,103 14.1% 804 24.7% 9,624 22.9% 14,068 11.4% 11,607 13.4%
Missing 16,676 6.5% 231 7.1% 2,702 6.4% 8,961 7.3% 4,782 5.5%
Pre-conception Body Mass Index
(kg/m?)
Normal(18.0-24.9) 80,016 22.7% 1,017 31.3% 14,127 33.6% 48,171 39.1% 16,701 19.3%
Underweight(<18.0) 5,856 18.7% 101 3.1% 1,491 3.5% 2,984 2.4% 1,280 1.5%
Overweight(25-29.9) 38,945 19.4% 515 15.8% 6,860 16.3% 23,060 18.7% 8,510 9.8%
Obese(>=30) 26,741 18.5% 405 12.4% 5,104 12.1% 15,375 12.5% 5857 6.8%
Missing 103,883 14.1% 1,216 37.4% 14,507 34.5% 33,766 27.4% 54,394 62.7%
Asthma 21,884 22.7% 404 12.4% 4,868 11.5% 12,416 10.1% 4,196  4.9%
Hypertension 6,885 18.7% 70 2.3% 882 2.1% 3,965 3.2% 1,968  2.3%
Diabetes 5971 19.4% 70 2.6% 865 2.0% 3,548 2.9% 1,488 1.7%
Mental iliness 24,178 18.5% 625 19.0% 6,549 15.5% 9,604 7.8% 7,400 8.5%

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, *** No smoking in pregnancy,
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Table 7-17 - Breakdown of mode of deliveries by NRT and smoking exposure

Total NRT group* Smokers** Non-smokers* * * Unknown

Mode of delivery
N=255,441 n=3,254 n=42,089 n=123,356 n=86,742
Normal 195,523 (76.5%) 2,551 (78.4%) 33,019 (78.5%) 92,452 (75%) 67,501 (77.8%)
Assisted 15,835 (6.2%) 159 (4.9%) 2,415 (5.7%) 8,355 (6.8%) 4,909 (5.7%)
C-section 44,083 (17.3%) 544 (16.7%) 6,658 (15.8%) 22,549 (18.3%) 14,332 (16.5%)

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, *** No smoking in pregnancy
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Table 7-18|presents the unadjusted and adjusted RRRs for each mode of

delivery for NRT and smoking exposure during pregnancy compared to non-
smokers. In the unadjusted analysis pregnant women who were prescribed NRT
during pregnancy had a 31% reduced risk of assisted delivery (RRR 0.69, 99%
CI 0.55-0.85) and 13% reduced risk of caesarean sections (RRR 0.87, 99% CI
0.77-0.99) compared to non-smokers. Smokers had consistently decreased risks
of both assisted delivery and caesarean section compared with women from the
referent group (non-smokers). After adjusting for maternal characteristics, NRT
exposure during pregnancy was still significantly associated with a 25%
reduction in the risk of assisted delivery however the association between NRT

exposure and caesarean section was not statistically significant (p=0.566).

When the reference category was changed to current smokers, the relative risk
of assisted delivery in the NRT group decreased by 12%, however this was not
statistically significant. Similarly, the relative risk of caesarean section in the

NRT group compared to smokers was 1.01 (99% CI 0.89-1.16) which indicated

no statistically significant association.
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Table 7-18 - Unadjusted and adjusted relative risk ratios of each mode of delivery relative to normal delivery by NRT and
smoking exposure during pregnancy compared to non-smokers

Unadjusted Adjusted *
Assisted Delivery C-section Assisted delivery C-section
RRR (99% CI) p- RRR (99% CI) p- RRR(99% CI) p- RRR(99% CI) p-value

value value value
Non-smoker*** 1 1 1 1
NRT group * 0.69 (0.55-0.85) <0.001 0.87 (0.77-0.99) 0.005 0.75 (0.60-0.93) <0.001 0.97 (0.85-1.10) 0.566
Smoker** 0.80 (0.75-0.86) <0.001 0.83 (0.80-0.86) <0.001 0.85 (0.80-0.91) <0.001 0.96 (0.92-1.00) 0.004
Unknown 0.80 (0.77-0.84) <0.001 0.87 (0.84-0.90) <0.001 0.84 (0.80-0.88) <0.001 0.92 (0.89-0.95) <0.001

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, *** No smoking in pregnancy, *¥adjusted for

maternal age, Townsend score, diabetes, asthma, hypertension, mental illness, RRR= Relative Risk Ratio, CI=Confidence Interval
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Table 7-19 - Unadjusted and adjusted relative risk ratios of each mode of delivery relative to normal delivery in non-
smokers and the NRT group compared to smokers

Unadjusted Adjusted #
Assisted Delivery C-section Assisted delivery C-section
RRR (95% CI) p- RRR (95% CI) p- RRR(95% CI) p- RRR(95% CI) p-
value value value value
Non-smoker*** 1.24 (1.16-1.32) <0.001 1.21(1.16-1.26) <0.001 1.18(1.10-1.26) <0.001 1.05(1.00-1.09) 0.007
NRT group * 0.85 (0.68-1.06) 0.060 1.06 (0.93-1.20) 0.491 0.88 (0.70-1.08) 0.118 1.01 (0.89-1.16) 0.733
Smoker** 1 1 1 1
Unknown 1.00 (0.93-1.06) 0.864 1.05(1.00-1.10) 0.002 0.99 (0.92-1.05) 0.599 0.96 (0.92-1.00) 0.016

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, *** No smoking in pregnancy, *adjusted for
maternal age, Townsend score, diabetes, asthma, hypertension, mental illness
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7.3.3.1 Sensitivity analysis

When smokers and non-smokers were reclassified based on the presence of
gestational smoking status records, the proportion of total smokers reduced to
4.8% and non-smokers to 12.6%. However, the distribution of normal, assisted

and caesarean deliveries remained similar to the main analysis.

In the unadjusted analysis women in the NRT group had a 31% reduced risk of
assisted delivery (RRR 0.69, 99% CI 0.55-0.85) and a 13% reduced risk of
caesarean sections (RRR 0.87, 99% CI 0.77-0.99) compared to non-smokers.
Smokers had consistently decreased risks of both assisted delivery and
caesarean section compared with women from the referent group (non-
smokers). After adjusting for maternal characteristics, NRT exposure during
pregnancy was significantly associated with a 32% reduction in the risk of
assisted delivery, however the association between NRT exposure and caesarean

section was not statistically significant anymore (p=0.120).
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Table 7-20 - Unadjusted and adjusted relative risk ratios of each mode of delivery relative to normal delivery by NRT and
smoking exposure during pregnancy compared to non-smokers, using definitive smokers and non-smokers

Non-smoker***
NRT group *
Smoker**

Unknown

Unadjusted

Adjusted *

Assisted Delivery

C-section

Assisted delivery

C-section

RRR (99% CI) p- RRR (99% CI) p- RRR(99% CI) p- RRR(99% CI) p-value
value value value
1 1 1 1
0.63 (0.51-0.79) <0.001 0.84 (0.74-0.96) 0.005 0.68 (0.54-0.85) <0.001 0.92 (0.81-1.05) 0.120
0.71 (0.64-0.80) <0.001 0.76 (0.70-0.82) <0.001 0.76 (0.68-0.86) <0.001 0.88 (0.81-0.95) <0.001
0.81 (0.76-0.86) <0.001 0.88 (0.85-0.92) <0.001 0.82 (0.77-0.87) <0.001 0.91 (0.87-0.95) <0.001

*NRT=nicotine replacement therapy prescription in pregnancy, **smoking in pregnancy, *** No smoking in pregnancy, *adjusted for
maternal age, Townsend score, diabetes, asthma, hypertension, mental illness, RRR= relative risk ratio, CI=confidence interval
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7.4 DISCUSSION

7.4.1 Principal findings

This study, using a large population based dataset, found no significant
association between NRT exposure during the first trimester, and any time
during pregnancy, and stillbirth. However, maternal smoking during early
pregnancy was found to increase the risk of stillbirth by 27%. In contrast,
maternal smoking any time during pregnancy did not significantly increase the
risk of stillbirth. Compared to non-smokers, the risk of low birth weight babies
was 93% higher in the NRT group and 69% higher in smokers. The mean birth
weight in babies in the NRT group was 176g lower than those of non-smoker,
and the mean birth weight in the smokers group was 123g lower than those of
non-smokers. However, there was no statistically significant difference between
the risk of low birth weight in the NRT group and smokers. The study did not
find a significantly increased risk of assisted delivery or caesarean section in the
NRT group compared to smokers and no significant risk of caesarean section in
current smokers compared to non-smokers. However, it found that the risk of
assisted delivery decreased by 25% in the NRT group and 15% in smokers

compared to non-smokers.

7.4.2 Strengths and limitations

This is the first population-based report to assess the effects of NRT on adverse
birth outcomes in the UK and the largest international study conducted thus far.
Furthermore, since these data are prospectively recorded the potential for recall
bias is greatly minimised. The measurement of drug exposure in the study was
based on GP prescribing records rather than self-reports, reducing the potential

for recall bias. However, the exposure measurement may still be subject to

misclassification, which has been discussed in detail in Section|6.4.2
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Due to the paucity of smoking records during pregnancy, it was not possible to
accurately ascertain smoking status at each stage of pregnancy. Therefore if
there was any medical record indicating smoking during pregnancy women were
assumed to be smoking during that pregnancy. Some of these women may have
quit during the course of pregnancy but given the fluctuations of smoking status
in pregnancy and the risk of relapse,lil these women were still categorised as
smokers. Therefore, the risk of adverse birth outcomes in relation to maternal
smoking during pregnancy may be slightly underestimated. However, the
potential for misclassification between the exposure groups cannot be
completely eliminated from the previous Danish studies as well because smoking
status was self-reported between 12-16 weeks of gestation and was then
assumed to be constant until the end of pregnancy. In contrast, the findings
reported here are based on the effects of NRT and smoking during the entire
pregnancy in addition to early pregnancy as recorded in primary care data.
However, for some women there was only a smoking record in the first trimester
and therefore the effect estimates may not differ greatly between the two
exposure windows. Furthermore, data on intensity of smoking was not complete
which limited the ability of the study to examine any dose response effects of

maternal smoking on adverse birth outcomes.

Whilst there may be confounding-by-indication by women’s smoking intensity in
that women who were prescribed NRT may be heavier smokers to start with,
pregnant women getting NRT prescriptions could also be the women modifying
their potentially harmful exposures for the better health of the baby. These could
include smoking, alcohol use, dietary habits or other unmeasured factors.
Although the ORs have been adjusted for a number of potential confounders,
other unmeasured factors like labour and delivery complications, and household
smoking were not adjusted for as enough information was not available in the

data. Furthermore, the duration of NRT prescription in these data was relatively
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short i.e. two weeks so if there is truly a beneficial or harmful effect of NRT this

may be slightly underestimated.

Stillborn babies are usually not registered in primary care. Therefore, the
ascertainment of stillbirth in this study is based on the documentation of such
events in maternal primary care records. Approximately 97% of deliveries in
England and Wales in 2011 took place in the NHS hospitals, maternity units and
maternity wing and all the delivery information recorded in the inpatient data
should, but may not always, be transferred onto the primary care records.
Therefore, this study may have missed cases of stillbirth. Nevertheless, the
prevalence of stillbirth in this study was 4/1,000 live and stillbirths, which is
comparable to the national prevalence of 5.2/1,000 births in the UK in 2009|i|
A study assessing the completeness of maternity data in UK primary and
secondary care between 1998 and 2009 in one general practice found that birth
weight and mode of delivery were recorded in only about 14% of 1,212
pregnancies with a linked child record in the primary care data (THIN) compared
to 61% of the 3,255 pregnancies in secondary care data (Hospital Episodes
Statistics (HES))IiIThe study discussed in this chapter however has data from
approximately 500 practices from across the UK and had birth weight recorded
for 42% of the babies with linked maternal records in THIN. Nevertheless, using
a population of cases with a recording of birth weight, the prevalence of low

birth weight was found to be 6.4% which is highly comparable to the national

279)282

average of about 7%. Furthermore, birth weight when plotted graphically

was found to be normally distributed indicating that the selected population was
broadly representative of the overall population and the presence of birth weight
record did not differ by low or high birth weight. Additionally, the maternal
characteristics in children with a recording of birth weight were highly
comparable to the maternal characteristics in children without a recording of

birth weight in primary care again indicating that this selected sample was
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representative of the overall population and therefore any selection bias is

unlikely to be present.

The prevalence of caesarean sections and assisted deliveries in this study was

found to be much lower than the national prevalence of approximately 25% and

2651264

12% respectively in 2009 All the pregnancies where no caesarean section

or assisted delivery was recorded were assumed to be delivered through normal
vaginal delivery, over-estimating the proportion of normal deliveries. This in turn
may result in non-differential misclassification of the outcome and consequently

bias the effect estimate towards null.

7.4.3 Comparison with current literature

7.4.3.1 NRT and stillbirth

NRT exposure during early pregnancy or any time during the entire pregnancy
was not found to be associated with an increased risk of stillbirth. The study
including 87,032 pregnancies from the DNBC, with information on smoking and
NRT use in the first trimester, found that for women who used NRT there was no
statistically significant increase in the risk of stillbirth (HR 0.57, 95% CI 0.28-
1.16) compared to non—smokerslil The non-smoker group in their study
included ex-smokers who quit before conception but may be using NRT in
pregnancy to avoid a smoking relapse. This may have resulted in
misclassification of their exposure variable and under-estimate the effects of
NRT use in pregnancy. Despite the differences in the exposure window and
definition of stillbirth, the Danish study found very similar results to the ones
presented in this chapter. The association between NRT exposure and stillbirth
did not reach statistical significance, which is in line with the SNAP trial result
and the pooled estimates from the meta-analysiﬂagain suggesting that the

use of NRT does not significantly increase the risk of stillbirth.
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The study found that smoking during early pregnancy increases the risk of
stillbirth, which is consistent with the current literature. The study using DNBC
found the risk of stillbirth to be 46% higher in smokers (HR 1.46, 95% CI 1.17-
1.82) compared to non-smokers using smoking information from the first
trimester|i|SimiIarIy, another Danish study based on a cohort of 25,102 live
born singleton children collected smoking data before 30 weeks of gestation and
found the risk of stillbirth to be twice as high compared to non-smokers

These differences could be attributed to the use of slightly different definitions of
stillbirth, ascertainment of smoking status, which was mostly self-reported in
these studies and also the use of different populations with slightly different
prevalence of maternal smoking and stillbirth. In addition, the choice of
confounders in each of the previous studies and their definitions and data quality
may also contribute to the slight difference in the effect estimates of these

studies.

Other studies which assessed smoking at the end of pregnancy or where the

exact time of smoking assessment was not specified found the risk of stillbirth in

smokers to be 34°/17E| to over two fold [P 271286 87 higher compared to non-

smokers. In contrast, when the exposure window was expanded to the whole of
preghancy in this study, smoking was not found to be associated with an
increase in stillbirth. A population-based cohort study from Sweden reported a
significant interaction between gestational age and the effects of smoking; As
preghancy advanced, the risk of stillbirth associated with smoking decreasedlfl
This may partly explain the lack of statistically significant association between

smoking and stillbirth considering the complete duration of pregnancy.

Smoking reduces fetal oxygenation through increased blood levels of
carboxyhaemoglobin and impairment of oxygen unloading This along with
prostacyclin synthesis increases vascular resistance and decreases fetal blood

flow. Nicotine in tobacco smoke is also postulated to cause vasoconstrictionlﬁ
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All these effects collectively result in fetal growth restriction and placental

complications, which are the most important causes of still birth[ZF°°| Thus,

this association seems to be biologically plausible. However, from the findings of
this study and the previous study it does not seem likely that nicotine alone can
result in stillbirth. The study also highlights that the effects of smoking may be

more harmful to the immature foetus and placenta.

Although no significant associations were found between NRT and smoking
exposure during pregnancy and fetal death, maternal smoking is an important
risk factor for miscarriage which may contribute to these fetal deaths. A recent
meta-analysis of 98 observational studies concluded that any active smoking
during pregnancy was associated with an increased risk of miscarriage (RR 1.23,
95% CI 1.16-1.30)|f|Although the prevalence of smoking may be higher in
women having miscarriages, the extent to which details of a miscarriage event is
documented in primary care is currently not known. However, many women may
not know that they are pregnant at the time of the miscarriage and therefore the

recording and ascertainment of such events in the data is not expected to be

complete. The reported prevalence of miscarriage in studies is 20%/|*%**

However, only 13% of pregnancies were recorded to end in miscarriage in the
primary care data. This may explain the lack of statistically significant

associations between smoking and fetal death found in the study.

7.4.3.2 NRT and birth weight

NRT exposure during pregnancy was found to be associated with a reduction in
birth weight compared to not smoking with a 74% increased risk of low birth
weight in babies of mothers prescribed NRT compared to non-smokers. A study
using the PRAMS data to assess the association between NRT use and adverse
birth outcomes in approximately 6,000 women in the USA found the risk of

having a low birth weight baby in NRT users to be about two fold compared to
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non-smokers,ljlwhich is very similar to the findings of this study. Contrary to
the findings reported in this chapter, a study using the DNBC found no
significant association between the duration of NRT use, type of NRT product
used and offspring birth weightlﬂHowever, the Danish study primarily assessed
NRT use within the first 27 weeks of pregnancy which limits the validity of the
findings as fetal weight gain essentially takes place in the second and third

trimester and the effects of smoking on fetal growth are more pronounced in the

29202935

late stages of pregnancy Results from the trials report inconclusive

evidence regarding the use of NRT during pregnancy and birth weight with some

100§107

trials reporting no association between NRT use and birth weighf and some

reporting higher birth weights in the NRT groups compared to placebo
groupsm However, the interpretation of these findings from the trials is
complicated by their inadequate power to assess safety outcomes and is highly

dependent on compliance and adherence to treatments in both arms.

The study reiterates that smoking during pregnancy has a negative effect on
fetal growth such that the risk of low birth weight was 63% higher in smokers
compared to non-smokers and babies of smokers weighed 120g less than babies
of non-smokers. This is consistent with previous studies which also found a

decrease in birth weight of approximately 160g in babies of smokers compared

to non-smokers|*}*°

The risk of low birth weight associated with NRT and smoking were not found to
be very different in the pre-term and term babies. This implies that the risk of
low birth weight associated with NRT and smoking exposure holds regardless of
gestational age. There are several proposed mechanisms by which smoking and
NRT may affect birth weight. Nicotine is water soluble and consequently can
pass through the placenta into the developing fetal circulation that is unable to
metabolise nicotine in the same way as a fully developed adult system.

Therefore, the concentration of nicotine builds up over pregnancy in the

220



placental tissues and amniotic quidslﬁNicotine concentrations are reported to
be 15% higher in the fetal circulation and 88% higher in the amniotic fluids than
in the maternal circulation in smokersEITherefore, although NRT may deliver
lower concentrations of nicotine in the blood than smoking the concentrations in
fetal circulation will still be higher than the maternal circulation. This may result
in poor oxygen and nutrient delivery to the fetus resulting in poor organ
development and low birth weighth case-control study using magnetic
resonance imaging (MRI) to assess organ growth and overall fetal growth in 26
pregnant women found lower brain volumes, kidney volumes, impaired lung
growth and total fetal volumes in smoking mothers compared to non-smoking
mothers, indicating poor organ developmenthnother study based on 7,098
pregnant women in Rotterdam, the Netherlands found an association between
maternal smoking and reduced fetal head circumference, abdominal
circumference and femur IengthlﬁlAn alternative proposed mechanism could be
the suppression of appetite in mothers again leading to poor nutrient intake and
inadequate nutrient delivery to the foetus. Lastly, the structure of nicotine is

very similar to acetylcholine, which is one of the main enzymes in the nervous

1120297

system and also regulates cell growth in the developing fetus Hence, it

may alter cell growth signalling in the fetus leading to impaired growth and low
birth weight. Carbon monoxide in cigarettes may worsen this by causing

fetal hypoxia

This study found no added benefit of using NRT over smoking in relation to birth
weight and the risk of low birth weight was slightly higher in the nicotine group
in comparison to smokers. This association may be confounded by how nicotine-

dependent these women in the NRT group were and how intensely they smoked

before NRT prescription, which has been discussed in detail in Section|6.4.2

Also, detailed information on NRT use and compliance was not available and it

may be possible that women used NRT and smoked as well, or had periods of
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relapses between NRT. These possibilities cannot be completely ruled out.
Lastly, there may also be some residual confounding through weight loss during
pregnancy as maternal weight changes during pregnancy are directly related to
infant birth weightlis'land NRT is known to suppress appetit which may
reduce maternal weight or other unmeasured factors, information for which was

not available in the current data.

7.4.3.3 NRT and mode of delivery

The SNAP trial found a 45% increase in the risk of caesarean section deliveries
with NRT use compared to placebo, however adherence to the therapy was low
in both NRT and placebo group and the rate of abstinence from the quit date
until delivery was less than 10% Furthermore, the study was adequately
powered to assess abstinence but not the safety of NRT therefore this finding
may be solely due to chance as the authors have discussed. In contrast, this
study found no increased risk of caesarean section in the NRT group compared
to current smokers or non-smokers. Nicotine is postulated to affect the maternal
circulation of the placenta which can cause a consequent impairment of oxygen
transfer to the fetus leading to an increased need for operative interventions for
delivery such as caesarean section or assisted deIivery.IjHowever, the

cardiovascular effects of NRT on both the mother and the fetus are very small

> which is reflected in the study findings. Furthermore, a hospital-based

case-control study from France, based on approximately 600 women, aimed to
examine the risk factors for caesarean section found similar results with no

significant associations between maternal smoking and caesarean section.lfl

The only study to examine the association between smoking and assisted
deliverylflwas based on the longitudinal Millennium Cohort from the UK and
found no association between maternal smoking during pregnancy and the risk

of assisted deliveries (OR 1.003, 95% CI 0.88-1.14). However, the findings from
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this chapter paradoxically report a small protective effect of NRT and smoking
exposure on assisted deliveries such that the risk of caesarean section reduced
by 28% in NRT group and 15% in smokers compared to non-smokers. There
may be several explanations for this finding; it may be simply due to the
misclassification of some assisted deliveries as normal deliveries in current
smokers, due to unmeasured confounding, or smoking may truly reduce the risk

of assisted deliveries just like its incongruous protective effect on pre-eclampsia.

"°°°] Nevertheless the absolute risk of assisted deliveries in NRT group, smokers

and non-smokers was not very different (4.8%, 5.7% and 6.8% respectively)

making this difference in the risk less clinically relevant.

7.5 CHAPTER CONCLUSIONS

This chapter as a whole aimed to assess different birth outcomes in relation to
NRT and maternal smoking during pregnancy and found no increased risk of
stillbirth in the NRT group compared to non-smokers, which is encouraging. In
contrast, maternal smoking during pregnancy was found to increase the risk of
stillbirth. Women who were prescribed NRT or smoked during pregnancy had
higher risks of having a low birth weight baby compared to non-smokers. Lastly,
the risk of caesarean sections in the NRT group and smokers was found to be
similar to non-smokers however the risk of assisted deliveries was lower in
comparison to non-smokers. Based on these findings it can be said that NRT
exposure during pregnancy has no increased risks of stillbirth, low birth weight
and caesarean section in comparison to maternal smoking. Nevertheless, these
findings represent NRT exposure as recorded in general practice data only and
therefore need to be interpreted with caution due to the limitations discussed
above. Other immediate and long-term neonatal and paediatric outcomes need
to be examined carefully before NRT can be considered to be completely safe

during pregnancy.
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8 OVERALL CONCLUSIONS, IMPLICATIONS AND

FUTURE DIRECTIONS FOR RESEARCH

The overall aims of this thesis were to assess the potential usefulness of primary
care data to inform assessment of smoking behaviours in pregnant women at a
population level and to investigate the prescribing and safety of NRT among
pregnant women. This concluding chapter summarises key findings from the
research presented in this thesis, highlights clinical and public health

implications and makes recommendations for future public health practice and

research areas in relation to maternal smoking ascertainment (Section|8.1) and

NRT prescribing and safety (Section|8.2).

8.1 QUALITY OF MATERNAL SMOKING STATUS DATA DURING
PREGNANCY IN PRIMARY CARE
8.1.1 Summary of main findings
Having smoking status recorded in a pregnant women’s medical records is not
only useful for clinical management, but can also increase the potential utility of
primary care data in informing national smoking estimates for pregnant women
in a cost-effective and timely manner. The studies in this thesis have highlighted
several features of the recording of smoking status during pregnancy in primary
care data which must be taken into account when using these data to study the
trends in the epidemiology of smoking or the provision of smoking cessation
treatments. It showed that the recording of smoking status during pregnancy is
incomplete and only present in less than 30% of the pregnant population under
study. Therefore currently, certain informed assumptions need to be made to
enhance the utility of these data for assessing smoking and smoking cessation
treatment among pregnant women at a population level. Two such assumptions

based on the QOF rules were tested in this thesis i.e. including smoking records
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from 27 months before conception and smoking records ever before delivery to
determine the smoking status for pregnancies where there was no gestational
smoking record available. Smoking estimates using the 27 months assumption
were generally found to have better comparability to other available data
sources and therefore smoking records from 27 months before conception were
considered to determine smoking status during pregnancy where gestational
smoking status was missing. At an individual level, however, women do not have
enough records of smoking status during pregnancy to assess changes in their

smoking status throughout pregnancy.

8.1.2 Implications for further research

Data from this thesis suggest that the completeness of smoking status recording
during pregnancy in primary care data is improving over the years with about
40% women with smoking status recorded during pregnancy in 2009. Further
research demonstrating this trend in future years may strengthen the utility of

THIN for research on smoking in relation to pregnancy.

8.1.2.1 Statistical methods for missing data

In this thesis simple imputations were made for missing smoking data using
assumptions based on QOF recording rules to provide an appropriate population
of smokers for analysis. An alternative approach could be to use multiple
imputation techniques to statistically impute smoking status during pregnancy,
for which first the patterns of missing data will need be to be assessed (e.g.
missing at random, missing not at random, missing by age, sex, disease or any
other factors). Data on smoking could be imputed based on multinomial
regression techniqueslilFinally the results from these multiple imputation
techniques can be compared from the results in this thesis to assess the validity
of both approaches. This could be done by reviewing the records of a random

group of pregnant women from general practices or surveying pregnant women
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and comparing the self-reported smoking prevalence in this subgroup to the
prevalence using recorded and imputed smoking status to investigate the
potential validity of primary care data to predict smoking status during
pregnancy. However, data anonymity in THIN may make this difficult and may
also require substantial manpower, training and resources. An alternative
approach could be to use the Additional Information Services (AIS) offered by
THIN to provide more information to researchers which includes anonymised
patient or GP questionnaires, copies of patient-related correspondence,
laboratory tests etcliIThis service can be used to collect self-reported smoking
information from pregnant women to calculate smoking prevalence and validate
the approaches discussed above. However, this may involve payments which

may not always be available in projects.

8.1.2.2 Use of free text data

GPs may sometimes record more details on smoking status as free text data,
which were not available for use for the purposes of this research. Free-text
information from primary care records has been previously used to estimate
death rateﬁand the incidence of rheumatoid arthritiﬁrjlpreviously. However,
no studies have assessed the utility of these data to improve estimates of
smoking prevalence in pregnancy or wider general population. Nevertheless,
researchers in the Division of Epidemiology and Public Health, University of
Nottingham are currently analysing free text records in detail and have found
that a lot of smoking information is recorded in the free text in primary care
data (Vishal Basra, personal communication, 3™ February 2014). Such free text
data are available to researchers, subject to relevant payments, and may
provide more in-depth data on smoking status and fluctuations occurring during
pregnancy and add to the partially incomplete coded information on smoking

status during pregnancy.
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8.1.2.3 Mixed methods research
This thesis investigated maternal characteristics related to the completeness of
maternal smoking status recording in pregnancy. GP characteristics such as

gender, training, smoking status may influence the recording of smoking status

307¢308

in the general population Similarly, certain practice characteristics (e.g.

location, catchment area and staffing etc.) may also influence the recording and
provision of smoking cessation advice However, more research is needed on
the influence of these factors on the recording of smoking status and provision
and recording of smoking cessation advice in pregnant women. Therefore mixed-
methods research using both qualitative and quantitative studies on the patient,
caregiver and practice attributes may provide some valuable insights into how

smoking status is recorded during pregnancy.

8.1.2.4 Using other primary care data to answer similar questions

There are other larger primary care datasets available for research purposes in
the UK such as QRESEARCH and the Clinical Practice Research Database (CPRD)
formerly known as the GPRD, which is also linked to the maternity data from
Hospital Episode Statistics (HES), and the Office for National Statistics (ONS)
data. The CPRD currently has over 650 practices and data on over 5 million
patient and QRESEARCH contains data from over 600 practices The
methods used here to define smoking status and investigate the quality of data
can be applied to these other datasets when assessing the trends in maternal
smoking prevalence and these larger datasets can be used for external
validation of the associations between NRT and birth outcomes in future once

pregnancy cohort is established in these data.

8.1.2.5 Potential linkage with midwives notes
Midwives are the main point of contact for women during pregnancy and are also

responsible along with other health care team members for assessing and
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documenting the smoking status of pregnant women. A recent study assessing
the consistency and completeness of maternity hand-held notes in the UK
analysed 63 different sets of hand-held notes currently in use in the UK and
found that smoking related questions were part of all these noteslﬂTherefore,
smoking status recording in the hand-held midwives notes may be more
complete than primary care data. However, currently there is no research
investigating how complete this information is in the midwives’ notes. Also since
there is no centralised recording and documenting system for midwives this
information is not at hand after delivery. Therefore, electronic linkages between
midwives notes and primary care data, or electronic imaging or transmission of
midwives notes into the GP data, may be very useful not only to assess smoking
and smoking cessation treatments during pregnancy but to also provide a
detailed description of other events occurring during pregnancy to supplement
and augment the information already present in primary care data. The
Maternity Data Set by the Health and Social Care Information Centrﬂcould be
used as a template for this to extract maternity data, which could then be linked

to primary care data.

8.1.3 Implications for clinical practice and policy

Given the detrimental effects of maternal smoking during pregnancy, more
accurate and up-to-date recording of smoking status in the pregnant population
is vital in planning and delivering health services and other interventions to
promote smoking cessation. The antenatal care model in the UK is midwife-led
where midwives are responsible for care of women during pregnancy. However,
current guidelines recommend that monitoring of smoking status during

pregnancy should be a shared responsibility between all healthcare professionals

involved in the care of pregnant women, including the GPs and midwives|”|”?|"®>

The Royal College of Midwives recommends that during pregnancy midwives

should have full confidential access to a woman’s written and electronic records
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and GPs should ensure that all significant and relevant information is copied into
women’s hand-held maternity recordsESimilarly, relevant information
collected by midwives during pregnancy should also be communicated to the
GPs and fed back into the electronic primary care records. Therefore,
appropriate methods should be introduced to improve communication and
documentation of such information between the midwives and GPs during
pregnancy. One such method could be the use of electronic tools, such as digital
pens, to complete hand-held maternity records which may then also transmit
data to other central sources such as primary care. This will enable continuity of
care and better communication between the GPs and midwives without requiring

any extra time and effort.

Electronic patient-reported outcomes (e-PROs) is a fairly new concept in e-
Health research where patients can report their health outcomes electronically.
IﬂePROs are commonly used in clinical trials where patients can report the
intensity, frequency, duration of symptoms (e.g. the Pulmonary Artery
Hypertension — Symptoms and Impact (PAHSYMPACT) which measures the
symptoms and impact of pulmonary artery hypertension using an electronic
device), physiological measures (peak expiratory flow using a peak flow meter
device which can transmit information directly to a central database)lfISeveral
modes of data collection can be used for this such as digital pens, smart phones,
tablets, mobile applications and web-based responses etc|f| ePROs are now
being integrated into clinical care especially for cancer patients and the
compliance to such tools has been reported to be goodlﬂThis concept could
also be integrated in primary care data to obtain a detailed snapshot of several
outcomes including smoking behaviour during pregnancy by giving women more
control of their data and allowing them to enter their information themselves.
This is in the early stages of development in the Ukrjlbut may be a useful tool

in future to monitor patterns and trends of maternal smoking during pregnancy.
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Based on the results from this work, it can be observed that the recording of
smoking status improved in conditions which were included in the QOF such as
diabetes, asthma, hypertension etc. This raises an important issue of whether
pregnancy should be included as a condition in the QOF to record smoking
status, given the current gaps in the recording of smoking status in pregnant
women in primary care. Although some women may go to a midwife directly,
according to the National Perinatal Epidemiology Unit 77% of women see their
GP first for pregnancy carelﬂThis may be an opportune time for the GPs to
assess and document women’s smoking status and provide brief advice and
guidance on the resources available to quit. Therefore, including smoking status
and cessation advice in pregnancy as a QOF recording target and linking
payments to it may not only increase this recording in primary care data but also
make the GPs more vigilant of monitoring smoking during pregnancy and
providing referrals to interventions and services that are proven to work,

thereby decreasing the overall smoking prevalence a little, if not substantially.

8.2 PRESCRIBING AND SAFETY OF NRT IN PREGNANCY

8.2.1 Summary of main findings

Trends in NRT prescribing, its use and safety were the gaps in the current
literature highlighted by the WHO in the recent recommendations for the
prevention and management of tobacco use in pregnancy|’’|Three studies in this
thesis focused on these highlighted areas and assessed the prescribing of NRT in
and around pregnancy across the UK and safety outcomes: major congenital

anomalies, stillbirth, birth weight and mode of delivery.

The prescribing of NRT in and around pregnancy has increased substantially
following its availability as an NHS prescription; however, the annual prescribing
prevalence plateaued after the relaxation of licensing arrangements in 2005.

Nevertheless, overall prescribing in the post-relaxation period was found to be
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about twice as high compared to prescribing in the pre-relaxation period. The
prescribing prevalence of NRT during pregnancy was almost double that of the
prescribing prevalence in the nine months immediately before and after
pregnancy; however, most women only had a record of single NRT prescription
during pregnancy, lasting two weeks on average. Prescribing of NRT was also
found to increase with greater socio-economic deprivation and the presence of

comorbidities like asthma and mental illness.

No increased risk of congenital anomalies was found in the NRT group compared
to smokers or non-smokers except for respiratory anomalies however this
estimate was based on only 10 exposed cases. The risk of stillbirth in the NRT
group was similar to non-smokers, which is encouraging. In contrast, maternal
smoking during pregnancy was found to increase the risk of stillbirth. Contrarily,
women who were prescribed NRT or who smoked during pregnancy had higher
risks of having a low birth weight baby compared to non-smokers. Lastly, the
risk of caesarean sections in the NRT group and current smokers was found to
be similar to non-smokers, however the risk of assisted deliveries was lower in

comparison to non-smokers.

8.2.2 Implications for further research

8.2.2.1 Potential data linkages

Currently primary care data such as THIN are one of the best available resources
in the UK to examine population-level trends and patterns of NRT prescribing
during pregnancy. Data from the NHS-SSS may only represent a subgroup of
very motivated pregnant women. However, access to these data may provide
useful information not only on the patterns and success of NRT use but also on
other cessation interventions. A potential-linkage system between primary care
and the NHS-SSS data may be useful in describing NRT use during pregnancy

throughout the UK. Moreover, it will also give a more detailed account of quit
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attempts made by women both during and outside pregnancy and the outcome
of those quit attempts. However, no such links exist presently. NRT data can
also be obtained from other data sources like OTC sales data which are available
commercially (e.g. Electronic Point of Sales scanner dat and the ePACT data
which monitor electronic drug prescribing. However, currently these data do not
have any specific information on sales and dispensing to pregnant women.
Women get free prescriptions during pregnancy as discussed earlier in the thesis
and therefore if pregnant women are flagged up in these sales and prescribing
data, then these data may be able to supplement the estimates from primary
care data and give a more comprehensive picture of NRT prescribing and use

during pregnancy in the UK.

Information on birth weight and mode of delivery in this work was missing for a
substantial number of pregnancies. As indicated earlier, this information is
expected to be more complete in secondary care data. Therefore, potential
linkages between primary and secondary data may present more accurate
estimates and reduce the proportion of missing data substantially. The CPRD
primary care data have now been linked to HES and HES maternity, and HES
linkages with THIN data have now been completed for approximately 70
practices with more practices being added with every release. This will not only
improve the information on these selected outcomes but will also provide
information on a number of labour and delivery events and complications which
may be important when assessing the impact of drugs or smoking in future. The
completeness and quality of the exposure data (smoking and NRT) can also be

improved by potential linkages suggested above.

8.2.2.2 Qualitative research
Apart from these objective measures of NRT prescribing it is also important to

combine subjective measures (such as self-reported use of NRT and outcomes of
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quit attempts). The only qualitative study assessing women’s perspectives on
barriers and facilitators of smoking cessation using NRT was conducted on a
small selected sample of pregnant smokers in Australia Therefore, qualitative
studies using focus groups of pregnant smokers may therefore help explore the
barriers and facilitators that pregnant women experience in using NRT. This may
also provide more information on women’s choices of NRT forms, as each form
has a slightly different dose of NRT and mechanism of action which may have
implications for the safety of the drug. It will also be instrumental in exploring
the socio-demographic characteristics of women in relation to NRT prescribing in
more detail which will help policy makers and public health professionals in
tailoring these services and targeting special groups to encourage smoking

cessation.

8.2.2.3 Larger studies

Although this was one of the biggest studies to determine the association
between NRT, maternal smoking and congenital anomaly a bigger sample size is
required to provide more power to the analysis and generate more precise risk
estimates associated with smoking and NRT use. Therefore, a study using more
recent primary care data, with more practices, more preghancies and longer
follow-up time, using similar methods is warranted. This will improve the
precision of the estimates. However, considering the prevalence of congenital
anomalies, the statistical power of epidemiological studies may always be limited
in assessing the risks for system-specific anomaly groups especially the more

rare ones.

8.2.2.4 Other outcomes
In addition to the outcomes assessed in this thesis other immediate and long-
term neonatal and paediatric outcomes such as neonatal intensive care

admissions, neonatal deaths, respiratory infections in early life etc., need to be
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examined carefully before NRT can be deemed to be completely safe during
pregnancy. The only available estimates for the association between nicotine
replacement therapy and neonatal outcomes comes from trialsli,and currently
the evidence is inconclusive. A meta-analysis of three trials of NRT in pregnancy
found a pooled OR of 0.94 (95% CI 0.64-1.88) for neonatal intensive care

admissions and 0.28 (95% CI 0.06-1.41) for neonatal deathl_‘i"l

8.2.3 Implications for clinical practice and policy

Considering that NRT use in the general population for smoking cessation is
recommended for at least eight to twelve weeks, two weeks of NRT may not be
truly helpful for women to quit smoking. The findings also indicated that only 1%
of women of reproductive age who smoke are prescribed NRT before they get
pregnant, indicating a missed opportunity to assist many young women in
quitting smoking. Whilst interactions between health professionals and women
during pregnancy should be used to discuss and offer interventions to promote
smoking cessation, greater potential benefit would be derived from starting

before pregnancy which should be a focus for women and health care providers.

Currently, NRT use is recommended by the national guidelines for smoking
cessation aid during preghancy, where pregnant women cannot quit without
NRTIj However, NRT should not be considered as a panacea for smoking
cessation during pregnancy and smoking cessation without pharmacotherapy
should be encouraged to help pregnant women quit. Health care professionals
need to encourage women to quit before pregnancy to reduce the risks
associated with any kind of nicotine exposure to the foetus. Also given, the
effectiveness of NRT outside pregnancy it’s use during postpartum period can be
encouraged more to prevent postpartum relapse in women who quit during

pregnancy.
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Abstract

Background: Given the health impacts of smoking during pregnancy and the opportunity for primary healthcare teams to
encourage pregnant smokers to quit, our primary aim was to assess the completeness of gestational smoking status
recording in primary care data and investigate whether completeness varied with women's characteristics. As a secondary
aim we assessed whether completeness of recording varied before and after the introduction of the Quality and Outcomes
Framework (QOF).

Methods: In The Health Improvement Network (THIN) database we calculated the proportion of pregnancies ending in live
births or stillbirths where there was a recording of maternal smoking status for each year from 2000 to 2009. Logistic
regression was used to assess variation in the completeness of maternal smoking recording by maternal characteristics,
before and after the introduction of QOF.

Results:Women had a record of smoking status during the gestational period in 28% of the 277,552 pregnancies identified.
In 2000, smoking status was recorded in 9% of pregnancies, rising to 43% in 2009. Pregnant women from the most deprived
group were 17% more likely to have their smoking status recorded than pregnant women from the least deprived group
before QOF implementation (OR 1.17, 95% Cl 1.10-1.25) and 42% more likely afterwards (OR 1.42, 95% C| 1.37-1.47). A
diagnosis of asthma was related to recording of smoking status during pregnancy in both the pre-QOF (OR 1.63, 95% ClI
1.53-1.74) and post-QOF periods (OR 2.08, 95% C| 2.02-2.15). There was no association between having a diagnosis of
diabetes and recording of smoking status during pregnancy pre-QOF however, post-QOF diagnosis of diabetes was
associated with a 12% increase in recording of smoking status (OR 1.12, 95% CI 1.05-1.19).

Conclusion: Recording of smoking status during pregnancy in primary care data is incomplete though has improved over
time, especially after the implementation of the QOF, and varies by maternal characteristics and QOF-incentivised
morbidities.
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healthcare team to offer appropriate support throughout the
pregnancy |7].
In the United Kingdom (UK) women must be registered with a

Introduction

Smoking during pregnancy has a well-documented negative

effect on the health of a mother and her baby [1] and smoking
cessation during pregnancy has been linked to a reduction in
maternal and fetal complications in addition to its wider health
benefits 12,3]. Current recommendations emphasise that all
healthcare workers involved in a pregnant woman's care (e.g.
midwives, general practitioners (GPs), practice nurses and
obstetricians) should assess the woman’s smoking status at the
carliest possible stage of pregnancy and offer cessation advice

and a referral to specialist stop smoking advisers for women

who smoke [4-8]. Documentation of a woman’s smoking status
in her medical records is recommended to  enable her

PLOS ONE | www.plosone.org

GP in order to receive antenatal care and, although most antenatal
contacts are with midwives, an estimated 77% of women see their
GPs first for confirmation of pregnancy before attending an
antenatal booking appointment with a midwife [9]. This first
contact with a GP and subsequent visits during pregnancy could
ing and recording

potentially be used as an opportunity for as

the smoking status of pregnant women.

In April 2004, a new contract for GPs was implemented which
introduced a number of pay-for-performance targets known as the
Quality and Outcomes Framework (QOI) [10]. Approximately
8% of the QOI points (worth around £10,000) per year per
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practice are related to the recording of smoking status and delivery
of smoking cessation advice [11,12). GPs are required to
document patients” smoking status at least once every 27 months,
or every 15 months where the patient has hypertension, diabetes,
asthma and certain other smoking-related morbidities. A detailed
description of QO targets is available elsewhere [13].

In the population as a whole the recording of patients” smoking
status is more complete after the introduction of QO [14,15].
However, the QOL’ sets no specific incentives for the recording of
smoking status in pregnant women. Having smoking status
recorded in a pregnant women’s medical records is not only
useful for clinical management, but also increases opportunities for
health professionals to provide smoking cessation interventions
throughout pregnancy and afterwards. ‘Therefore, our primary
aim was to assess the completeness of recording of smoking status
during pregnancy in primary care medical records over time and
investigate whether completeness varied with women’s socio-
demographic and health-related characteristics. Additionally, our
secondary aim was to investigate whether, despite having no
specific targets for pregnancy, there was an incr in the
completeness of smoking status recording during pregnancy in UK
primary care after the introduction of the QOI,

Methods

Data source and study population

‘I'he Health Improvement Network (I'HIN) is an electronic
primary care database containing anonymised patient records
from general practices across the UK, covering approximately
5.7% of the UK population [16]. "The version of THIN used for
this study contains data from 495 practices with a combined total
ol approsimately 9.5 million patients, including approximately 2
million women of reproductive age (defined here as age 15 49
years) [16]. 'The recorded population prevalence of smoking in
THIN has been previously validated at both national and regional
levels [14,15] and fertility rates in THIN are highly comparable to
national ferdlity rates [17]. For the work reported here, our study
population included all pregnancies recorded in THIN between
2000 and 2009 in women of reproductive age which resulted in
either a live birth or a stillbirth.

Smoking status and maternal characteristics

Records of maternal smoking status during pregnancy were
identified using Read codes [18]. These included codes for
current, never, and ex-smoking, codes indicating the type or
number of cigarettes smoked, and codes indicating smoking
cessation interventions delivered to patients. Women were also
considered to be smokers i they had a preseription for a smoking
wion drug  (nicotine replacement therapy, bupropion or

ce
varcnicline) in their medical records during pregnancy. “This
fying smoking status in electronic primary care

method of cl:
data has been previously validated [14]. Code lists are available
from the authors on request.

To investigate the factors that may be associated with the
recording of maternal smoking status during pregnancy, data were
extracted on women’s age at conception, socioeconomic depriva-
tion as measured by quintiles of the Townsend Index of material
deprivation [19], body mass index (BMI) before conception and
recorded diagnoses, during or before the pregnancy, of morbidities
common in pregnancy in which the recording of smoking status
has been specifically incentivised by the QOL" (hypertension,
diabetes, asthma, and mental illness which included depre
anxiety, bipolar disorder, schizophrenia and other psychos
When extracting data on BMI and maternal morbidities before
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pregnancy, we only considered recent recordings of BMI and
comorbidities before pregnancy (27 months prior to pregnancy, in
line with the QOI’ recording rules). Missing data for T'ownsend
quintile and BMI were included as separate categories in the
analyses.

Statistical analyses

The prevalence of smoking status recording during pregnancy
was calculated for each year from 2000 to 2009 as the number of
pregnancies with at least one recording of smoking status during
the gestational period divided by the total number of pregnancies
delivered in that year. These data were plotted graphically,

Since April 2006 the QOI has not required GPs to record the
smoking status of patients after the age of 25 years il they have
been a never smoker until that age |20]. After 2008, if a patient
who once smoked has been recorded as an ex-smoker for three
years, GPs need no longer check and update the patient’s smoking
status records. ‘Therefore, we recaleulated the proportion of
pregnancies with missing gestational smoking status data to take
these rules into account. For women who only had records of
being a never smoker up to age 25 and who did not have a record
of smoking during a subsequent pregnancy we imputed a never
smoking record during gestation. Similarly, for women who had
no smoking status records during gestation but who were recorded
as ex-smokers [or three consecutive years before the conception we
imputed an  ex-smoking record during gestation. We  then
recaleulated  the annual proportion of pregnancies with a
recording of smoking status during the gestational period.

We used logistic regression to calculate odds ratios (ORs) for
associations between women's characteristics and the recording of
smoking status during pregnancy. All covariates that reached
statistical significance (p<<0.05) in the univariable analysis were
initially included in the multivariable analyses. Covariates that
reached statistical significance (p<0.05) in the multivariable
analysis were retained in the final model, As some women hac
more than one pregnancy during the study period that contributed
to our analyses, we accounted for this potential clustering of
pregnancies within women by calculating robust confidence
intervals (Cls) around our odds ratios using the clustered sandwich
estimator to allow for intragroup correlation [21,22]. As the
mtroduction of the QOI incentivised the recording of smoking
status in patients with smoking-related chronic conditions, we
expected the QOF to be an effect modifier of the association
between recording of smoking status during pregnancy and these
morbidities. We therefore carried out logistic regression for two
separate time periods: before the implementation of the QO
(January 2000 April 2004) and after the implementation of the
QOF (April 2004-December 2009). We visually compared  the
magnitude, precision and significance of the odds ratios for each
maternal factor in the pre and post-QOL periods in order to assess
whether the association  between maternal factors and  the
recording of smoking status during pregnancy changed after the
QOI" was introduced. All analyses were performed using Stata
version 12.0 (StataCorp LP, College Station, 'I'X).

Ethics Statement
Lithical approval for use of the 'THIN data was provided by the
THIN Scientific Review Committee (reference number 11-047).

Results

Baseline characteristics
We identified 215,703 women with pregnancies resulting in live
births or stillbirths between January 2000 and December 2009, Of
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these, 162,295 (75.0%) women had only one pregnancy, 46,062
(21.5%) had two pregnancies and 7,346 (3.5%) had three or more
pregnancies, giving a total of 277,552 pregnancies. 'The mean age
at conception was 29.5 years (standard deviation 5.9) and the
average length of pregnancy was 39.4 weeks (standard deviation
2.2). Table 1 describes the baseline characteristics of the study
population in the pre-QOI" and post-QOI time periods. The
overall prevalence of diagnosed asthma, diabetes; hypertension
and mental illness within the study population was approximately
8%, 2%, 2.5% and 9% respectively. Information on socioeco-
nomic status was missing for 6% of the total pregnancies and
information on BMI was missing for 42% of pregnancics.

Completeness of maternal smoking records
A record of smoking status at any point during the gestational

period was present in 76,569 (28%) of the 277,552 pregnancies, Of

the 76,569 pregnancies in which smoking status was recorded, 913
(1.2%) only had a recording for smoking cessation crug
prescription  with no accompanying Read codes indicating
smoking status. In 56,605 (20.4%) pregnancies, women had their
smoking status recorded only once during the gestational period,
whereas in 19,964 (7%) pregnancies smoking status was recordled
more than once. Figure 1 shows the proportion of pregnancies
with smoking status recorded during gestation from 2000 to 2009.

Recording of Smoking Status during Pregnancy

In 2000, smoking status was recorded during the gestational period
for only 1,943 (8.8%) of the total 22,111 pregnancies. This
proportion increased steadily to 18% in 2003 and a steep point
change was observed in 2004 with the proportion rising to 32.3%.
After 2004 it increased steadily on an annual basis such that the
proportion of pregnancies with smoking status recorded during
gestation in 2009 was 43.3% (13,360 out of 30,880 pregnancies).

When data for never smoking and ex-smoking were imputed
based on QOI rules, the overall proportion of pregnancies with a
record of smoking status during gestation increased to 32,1%. In
2000, smoking status was recorded during gestation for only
11.0% of pregnancies which increased to 35.8% in 2004 and
49.2% in 2009 (Kigure 1).

Factors associated with recording of maternal smoking
status during pregnancy

Table 2 shows variations in the recording of smoking status
during pregnancy by women’s sociodemographic characteristics
and morbidities in the pre-QOI and post-QOI" time periods.
Overall, the strength of the associations between all maternal
characteristics and recording of smoking status during gestation
was higher in the post-QOI period compared to pre-QOL period.
The recording of smoking status during pregnancy varied with
socioeconomic status such that pregnant women from the most

PLOS ONE | www.plosone.org

Table 1. Baseline characteristics of the study population.

Pre-QOF(January 2000~ March 2004) Post-QOF (April 2004- December 2009)

Pregnancies with a Pregnancies with a

Total pregnancies gestational smoking Total preg ies g ional king

(n=98,373) record (n=12,381) (n=179,179) record (n=64,188)
Age at Conception
15-19 years 5,529 953 (17:2%) 9,854 4,856 (14.8%)
20-24 years 14,809 2,202 (14.9%) 29,323 12,607 (14.9%)
25-29 years 25,732 3175 (12.3%) 45416 16,758 (15.7%)
30-34 years 32,621 3,750 (11.5%) 54,574 17,437 (17.4%)
35-39 years 16,614 1,944 (11.7%) 32,778 10,296 (9.9%)
40-44 years 2,907 338 (11.6%) 6,868 2123 (19.8%)
45-49 years 161 19 (11.8%) 366 11 (15.9%)
Townsend Score in quintiles (14.4%)
Quintile 1 - most affluent 24,760 2,850 (11.5%) 38,815 11,733 (16.5%)
Quintile 2 19,288 2,277 (11.8%) 32,962 11,025 (14.8%)
Quintile 3 18,592 2,317 (12.5%) 35,209 12,542 (14.9%)
Quintile 4 17,128 2,279 (13.3%) 33,982 13,114 (15.7%)
Quintile 5 - most deprived 13,252 1,964 (14.8%) 25742 10,915 (17.4%)
Missing 5,353 694 (13.0%) 12,469 4,859 (9.9%)
Pre-conception Body Mass Index (19.8%)
Normal(18.0-24.9) 26,663 3,948 (14.8%) 59,267 21,209 (15.9%)
Underweight(<18.0) 1,968 293 (14.9%) 4,355 1714 (14.4%)
Overweight(25-29.9) 11,923 1,867 (15.7%) 29,476 10,957 (16.5%)
Obese(> =30) 7125 1,240 (17.4%) 20,993 8,406 (14.8%)
Missing 50,694 5,033 (9.9%) 65,088 21,902 (14.9%)
Asthma 6,537 1,297 (19.8%) 16,807 8911 (15.7%)
Hypertension 2,372 377 (15.9%) 4,962 1,959 (17.49%)
Diabetes 1,345 194 (14.4%) 4,864 1,857 (9.9%)
Mental iliness 8,717 1,439 (16.5%) 17,294 7,373 (19.8%)
doi:10.1371/journal.pone.0072218.t001
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Figure 1. Annual proportion of pregnancies in THIN with smoking status recorded during gestation (2000-2009).

doi:10.1371/journal.pone.0072218.g001

deprived group (quintile 5) were 17% more likely to have their
smoking status recorded during pregnancy than pregnant women
from the most affluent group (quintile 1) before the implementa-
tion of the QOI' (OR 1.17, 95% CI 1.10-1.25) and 42% more
likely afterwards (OR 1.42, 95% CI 1.37-1.47). Similarly, pre-
QOI pregnant women with a diagnosis of asthma were 63% more
likely to have their smoking status recorded during pregnancy than
pregnant women without asthma (OR 1.63, 95% CI 1.531.74)
and post-QOI” pregnant women with asthma were over twice as
likely to have their smoking status recorded during pregnancy (OR
2.08, 95% CI 2.02-2.15). Having a diagnosis of diabetes was not
associated with the recording of gestational smoking status pre-
QOL (unadjusted OR 1.17, 95% CI 1.00-1.36), (p=0.290).
However, post-QOL" it was associated with a 12% increase in the
odds of recording of gestational smoking status (OR 1.12, 95% CI
1.05-1.19). Recording of smoking status during pregnancy was
also related to hypertension and mental illness. In both time
periods the odds of a woman having her smoking status recorded
during pregnancy were greater at younger ages compared with
older ages and great in overweight and obese women. However,
the magnitude of effects and corresponding Cls in the pre-QOI°
and post-QOI” periods overlapped.

Discussion

Using a large population-based dataset we found that the
recording of smoking status during pregnancy in primary care has
improved with time such that the proportion of pregnancies with a
recording of smoking status during gestation was 8.8% in 2000
rising to 43.3% in 2009. The odds of a woman’s smoking status
being recorded during pregnancy was related to age, socioeco-

PLOS ONE | www.plosone.org

nomic deprivation, BMI and QOI*-incentivised morbidities such
as asthma, diabetes, hypertension and mental illness,

The proportion of pregnancies with a gestational smoking
record increased by approximately 2% per year between 2000 and
2002. Since the late 1990s there has been an increased focus on
the harms of tobacco use in the UK, with, for example, the
publication of the Government white paper ‘Smoking Kills’ in
1998 [1], the establishment of NHS Stop Smoking Services in
1999 (23], and the availability of smoking cessation medications
on NHS prescriptions from 2001 [24]. This changing tobacco
control environment may have made these pregnant smokers
more willing to approach their GPs for help to quit, and focused
GPs’ attention on encouraging cessation in their patients, thereby
increasing the proportion of pregnant women with a smoking
status record in their medical notes. The proportion of pregnancies
with a recording of smoking status rose sharply from 18.0% in
2003 to 32.4% in 2004, after which it increased slowly until 2009.
The most plausible explanation for this marked increase between
2003 and 2004 is GPs” awareness of the impending introduction of
the 2004 GP contract [25]. Similar improvements in the recording
of smoking status have been seen in general population. A study
using primary care data for over 300 practices throughout the UK
found that, although rates of recording of smoking status in
patients” electronic medical records had been increasing gradually
since the year 2000, the rate of improvement accelerated from
2003, with an 88% increased observed between the first quarter of
2003 and the same period in 2004, just before the introduction of
the QOLF |26]. "T'his suggests that the introduction of the QOF
resulted in better recording of smoking status in the general
population which has spilled over into the greater recording in
pregnancy observed in our study.
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Table 2. 0dds of having smoking status recorded during gestation by women's characteristics before and after the QOF

implementation.
Pre-QOF(January 2000-March 2004) Post-QOF(April 2004-December 2009)
Unadjusted Adjusted Unadjusted Adjusted
OR (95% Cl) p-value OR (95% ClI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age
15-19 1.48 (1.37-1.60) 1.56 (1.44-1.70) 1.66 (1.59-1.74) 1.62 (1.54-1.69)
20—24 1.24 (1.17-1.32) 1.22 (1.15-1.30) 1.29 (1.25-1.32) 1.24 (1.20-1.28)
25-29 1 <0001 1 <0001 1 <0001 1 <0.001
30-34. 0.92 (0.87-0.97) 0,95 (0.91-1.00) 0.80 (0.78-0.82) 0,84 (0.82-0.86)
35-39 0.94 (0.88-0.99) 0.99 (0.93-1.05) 0.78 (0.75-0.80) 0.83 (0.80-0.85)
40-44 0.93 (0.83-1.05) 0.99 (0.88-1.12) 0.76 (0.72-0.81) 0,80 (0.76-0.85)
45-49 0.95 (0.59-1.53) 0.99 (0.61-1.60) 0.74 (0.59-0.93) 0.77 (0.61-0.97)
Townsend Score
Quintile 1 (most affluent) 1 1 1 1
Quintile 2 ; 1.03 (0.78-1.09) 1.01 (0.95-1.07) 1,16 (1.12-1.19) 112 (1,09-1.16)
Quintile 3 1.09 (1.03-1.16) <0.001%  1.03 (0.97-1.10) <0.001* 128 (1.24-132) <0.001*  1.18 (1.14-1.21) <0.001*
lenﬂle 4 1.18 (1.11-1.25) 1.07 (1.00-1.13) 1,45 (1.40-1.49) 1.26 (1.22-1.30)'
Quintile 5 (most deprived)  1.34 (1.25-1.42) 117 (1.10-1.25) 1.69 (1.64-1.75) 142 (137-147)
Mis§lng 1.14 (1.04-1.25) 1.06 (0.97-1.16) 1.47 (1.41-1.54) 1.34 (1.29-1.40)
Body Mass Index
Underweight (<18.0) 1.01(0.88-1.14) 0.92 (0.81-1.05) 1.16 (1.10-1.24) 1,03 (0.97-1.10)
Normal (18.0-24.9) 1 1 1 1
Overweight (25.0-29.9). 1,07 (1.01-1.13) <0.001 1.06 (1.00-1.13) <0.001 1,06 (1.03-1.09) <0.001 1,05 (1.02-1,09) <0.001
Obese (=30) 1.21 (1.13-1.30) 1.16 (1.08-1.25) 119 (1,16-1.23) 111 (1.08-1.15)
Missing 063 (0.60-0.66) 063 (0.60-0.66) 091 (0.89-0.93) 0.90 (0.88-0.92)
Asthma 1.80 (1.69-1.92) <0001 163 (1.53-1.74) <0001 219 (2.12-2.25) <0001  2.08 (2.02-2.15) <0.001
Hype‘i‘tenslon' 1.32 (1.18-1.48) <0.001 1,26 (1.12-1.41) <6.00‘I 117 (111-1.24) <0.001 1.19.(1.12-1.26) <0.001
Diabetes 1.17 (1.00-1.36) 0.045 -1 -+ 1.11 (1.05-1.18) <0001 1.12 (1.05-1,19) <0.001
Mental iliness g 142 (1.34-1551) <0,001 1:32 (1.24-1.41) <0.001 1,37 (1.33-141) <0.001 1,26 (1.22-1.30) <0.001

OR = odds ratio, Cl=confidence interval, QOF = Quality and Outcomes Framework,
*p-value for trend,

*Diabetes not significant in the final model.
doi:10.1371/journal.pone.0072218.t002

For socioeconomic deprivation, asthma and diabetes the
magnitude of effect of the association with smoking status
recording was observed to be stronger after the introduction of
the QOF. Pre-QOLI, pregnant women from the most deprived
group were 17% more likely to have their smoking status recorded
during gestation compared to 42% post-QOF. Smoking preva-
lence is generally higher in lower socioeconomic groups in both
the general population as well as amongst pregnant women [27]
and the smoking status of smokers is more likely to be recorded
than that of non-smokers [28 30], which likely explains more
complete recording in pregnant women from lower socioeconomic
groups. Furthermore, low sociocconomic status is associated with a
higher prevalence of chronic diseases such as hypertension,
diabetes, asthma and depression [31]. The QOI' encourages
improved clinical management of these patients, who post-QOLI’
may have had more frequent contacts with their GP and thus have
had more chance of being asked about their smoking behaviour,
increasing the gradient of the association between socioeconomic
status and smoking status recording, reflecting that recording, and
thus hopefully monitoring, is more complete where it is most
needed [32,33], Asthma is the most common pre-existing
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condition encountered during pregnancy [34] and is closely
related to smoking, which may explain the high magnitude of
association between asthma and recording of smoking status
compared to other conditions like diabetes (which affects
approximately 2 5% in women of reproductive age) [35] and
hypertension (0.6-2.7% during pregnancy) [36]. Women with a
higher BMI have an increased risk of complications during
pregnancy and therefore are more likely to visit their GPs [37].
They are also more likely to be smokers which in turn will affect
the completeness of recording of their smoking status. Our findings
are similar to those from a study in the general population which
found that primary care patients with smoking-related chronic
medical conditions and greater social deprivation were more likely
to have a recent recording of smoking status or cessation advice in
their medical records [38). However, the magnitude of effect in
this general population study for all morbiclities much higher than
that which we found, presumably because currently pregnancy is
not a QO-incentivised condition for recording of smoking.

To our knowledge this is the first study to assess the
completeness of recording of smoking status during pregnancy in
UK primary care medical records at a national level, using a large
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population-based  dataset with over 200,000 pregnancies. A
potential limitation of our study is that due to the infrequency of
smoking status recordings during pregnancy we did not assess
recording of smoking status in smaller windows during pregnancy
such as in each trimester, which may be more appropriate given
that smoking status fluctuates during pregnancy [39]. Further-
more, we only assessed electronically-coded data in primary care
records to examine the recording of smoking status during
pregnancy and did not have access to free text or midwives’ notes
to ascertain smoking status; these may provide additional
information on the smoking status of women during pregnancy.
A potential explanation for the high proportion of pregnancies in
which smoking status was not recorded could be that if a woman’s
smoking habit did not change after she became pregnant, GPs
might be less likely to re-enter this information into medical
records as there is no specific financial incentive for recording
smoking status in pregnant women. Furthermore, as the QOI
does not require GPs to record the smoking status of ‘never
smokers” after the age of 25, there is no financial incentive for
them to update smoking status in the medical records of women
who have never smoked. Similarly, ex-smokers need only be aske
about their smoking status annually until they have been a non-
smoker for three years. However, when we recalculated smoking
status based on these rules, the annual trends in the completeness
of smoking data during pregnancy did not vary much from the
trends using the original data.

The current antenatal model in the UK is a midwife-led care
one , where midwives are the main point of contact for women
during pregnancy [9,40]. The National Institute for Health and
Clinical Iixcellence (NICE) recommends that all pregnant women
should have their smoking status recorded at the first antenatal
booking appointment with the midwife and that all smokers should
be referred to a stop smoking service and this should be recorded
in the hand-held records which women in the UK carry with them
throughout their pregnancy [7,41]. Data from a qualitative study
of midwives in Glasgow, Scotland, suggested that they view it as
part of their role to collect this smoking data at the booking
appointment [42]. However, the means of recording of maternity
data and provision of smoking cessation information during
antenatal visits varies from practice to practice and we do not
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know whether, or how completely, smoking status data entered
onto hand-held records get transferred to a woman’s electronic
primary care medical record for future reference.

As the current guidelines recommend, monitoring of smoking
status during pregnancy should be a shared responsibility between
all healthcare professionals involved in the care of pregnant
women, including GPs and midwives [4,5,7]. The Royal College
of Midwives recommends that during pregnancy midwives should
have full confidential access to a woman’s written and electronic
records and GPs should ensure that all significant and relevant
information is copied into a woman’s hand-held maternity records
[6]. Similarly, relevant information collected by midwives during
pregnancy should also be communicated to the GPs and fed back
into the clectronic primary care records. Therefore, we recom-
mend that appropriate methods should be introduced to improve
communication and documentation of such information between
the midwives and the GPs during pregnancy. One such strategy
could be inclusion of pregnancy in the QOI" as a condition where
smoking status and smoking cessation advice should be recorded in
the electronic primary care record. Primary care is the central hub
in the current UK health care system and increasing the
assessment and complete documentation of smoking status in
primary care will not only increase opportunities for providing
smoking cessation advice and interventions during pregnancy, but
is also important to maintain continuity of care throughout and
beyond pregnancy for both a woman’s health and that of her
children.
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Abstract

Background: United Kingdom (UK) national guidelines recommend that all pregnant women who smoke should
be advised to quit at every available opportunity, and brief cessation advice is an efficient and cost-effective means
to increase quit rates. The Quality and Outcomes Framework (QOF) implemented in 2004 requires general
practitioners to document their delivery of smoking cessation advice in patient records. However, no specific targets
have been set in QOF for the recording of this advice in pregnant women. We used a large electronic primary care
database from the UK to quantify the pregnancies in which women who smoked were recorded to have been
given smoking cessation advice, and the associated maternal characteristics.

Methods: Using The Health Improvement Network database we calculated annual proportions of pregnant
smokers between 2000 and 2009 with cessation advice documented in their medical records during pregnancy.
Logistic regression was used to assess variation in the recording of cessation advice with maternal characteristics.

Results: Among 45,296 pregnancies in women who smoked, recorded cessation advice increased from 7% in 2000
to 37% in 2004 when the QOF was introduced and reduced slightly to 30% in 2009. Pregnant smokers from the
youngest age group (15-19) were 21% more likely to have a record of cessation advice compared to pregnant
smokers aged 25-29 (OR 1.21, 95% Cl 1.10-1.35) and pregnant smokers from the most deprived group were 38%
more likely to have a record for cessation advice compared to pregnant smokers from the least deprived group (OR
1.38, 95% Cl 1.14-1.68). Pregnant smokers with asthma were twice as likely to have documentation of cessation
advice in their primary care records compared to pregnant smokers without asthma (OR 1.97, 95% Cl 1.80-2.16).
Presence of comorbidities such as diabetes, hypertension and mental illness also increased the likelihood of having
smoking cessation advice recorded. No marked variations were observed in the recording of cessation advice with
body mass index.

Conclusion: Recorded delivery of smoking cessation advice for pregnant smokers in primary care has increased
with some fluctuation over the years, especially after the implementation of the QOF, and varies with maternal
characteristics.

Keywords: Pregnancy, Smoking, Primary care, Smoking cessation advice
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asthma [1-5]. Data from the 2010 Infant Feeding Survey
show that 26% of mothers in the United Kingdom (UK)

Background
Smoking during pregnancy is harmful to both the mother

and the unborn child and is associated with substantial
morbidities such as ectopic pregnancy, premature rupture
of membranes, pre-eclampsia, placental abruption, still-
birth, low birth weight, premature birth and childhood

* Correspondence: nafeesa dhalwani@nottingham.ac.uk

'Division of Epidemiology and Public Health, University of Nottingham,
Clinical Sciences Building, Nottingham City Hospital, Hucknall Road,
Nottingham NGS5 1 PB, UK

2Division of Primary Care, University of Nottingham, Queen’s Medical Centre,
Nottingham NG7 2UH, UK

O BioMed Central

smoked at some point before or during their pregnancy
and 12% of women smoked throughout their pregnancy
[6]. Given the high proportion of mothers currently smok-
ing during pregnancy and the resulting health impacts,
reducing smoking during pregnancy in the UK is a na-
tional priority [7].

Offering smokers brief cessation advice lasting no more
than five minutes during routine consultations with a gen-
eral practitioner (GP), during which doctors make clear

© 2014 Crown copyright; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http//creativecommans.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited
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that smoking is harmful and offer help with cessation [8],
is one of the simplest and most cost-effective tools to re-
duce the burden of smoking in the general population and
increases rates of quitting by two-thirds compared to un-
assisted quit rates of 4% (OR 1.66, 95% CI 1.42-1.94) [9].
In pregnant women, cessation rates with brief advice have
been low (5-9%) compared with intense advice and coun-
selling (14-17%) [10,11]. However, physician advice to quit
has been cited by pregnant women as one of the most im-
portant factors which influences their decision to stop
smoking [12] and has been recommended in the recent
World Health Organsation guidance for the management
of tobacco use in pregnancy [13]. Current UK guidelines
also recommend that smoking cessation advice should be
offered at every available opportunity by health profes-
sionals who come into contact with pregnant women,
including GPs and midwives, as only after smoking and
smoking cessation is raised can it be possible to refer
women on for the more intensive behavioural support or
other smoking cessation therapies that are known to work
[14-17]. The Quality and Outcomes Framework (QOF) in-
troduced in UK primary care in 2004 financially rewards
GPs for offering cessation advice to smokers and docu-
menting this advice in the patients’ electronic medical
records [18]. However, there are no specific QOF targets
for offering and recording cessation advice to pregnant
women who smoke and little is known about the fre-
quency with which smoking cessation advice is indeed
routinely delivered and recorded by primary care health
professionals during pregnancy. Data from Health Educa-
tion Authority (HEA) surveys carried out in the 1990s
showed that less than half the women interviewed who
were smokers received cessation advice from a health pro-
fessional [19], and another study conducted in 200 ante-
natal clinics in Leicester, UK reported that only 34% of
current smokers received advice from their GP, 19% from
a midwife, 12% from an obstetrician, 9% from family and
friends and 26% received no advice at all [20].

Given the national guidelines and the effectiveness of
smoking cessation advice in increasing quit rates, we
aimed to determine the proportion of pregnant smokers
with smoking cessation advice recorded in their electronic
primary care records in recent UK data. In addition, we
aimed to investigate whether socioeconomic factors and
women’s existing medical conditions in pregnancy were
associated with this recording,

Methods

Data source and study population

The Health Improvement Network (THIN) is an elec-
tronic primary care database containing anonymised pa-
tient records from general practices across the UK [21].
THIN was set up by Cegedim Strategic Data (CSD) Med-
ical Research UK, formerly known as Epidemiology and
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Pharmacology Information Core (EPIC) and provides data
for research purposes. The University of Nottingham has
a license to use data from EPIC, subject to approval from
the Scientific Review Committee (SRC) which reviews
the ethics and research protocol. Ethical approval for
the study was obtained from the THIN Scientific Review
Committee (reference number 11-047).

The version of THIN used for this study covered ap-
proximately 5.7% of the population and contained data
from 495 practices with a nationally representative sam-
ple of women of reproductive age (defined here as aged
15-49 years) [21]. Fertility rates in THIN are very similar
to national fertility rates [22] and the population preva-
lence of smoking recorded in THIN has been previously
validated at both national and regional levels [23,24]. Our
study population included all pregnancies recorded in
THIN from 2000 to 2009 in women of reproductive age
which resulted in either a live birth or a stillbirth, and
where women were considered to be smokers during
pregnancy. Women were defined as smokers if they had a
Read code [25] indicating smoking recorded in their med-
ical records or a drug code for nicotine replacement ther-
apy (NRT) during their pregnancy, or, in the absence of
recording during pregnancy, if their last recorded Read
code in the 27 months prior to pregnancy indicated smok-
ing as defined in more detail previously [26].

Recording of smoking cessation and women'’s
characteristics

Our main outcome of interest was whether pregnant
women identified as smokers had Read codes [25] for
smoking cessation advice recorded in their THIN re-
cords during the period of their pregnancy. Code lists
are available from the authors on request.

Data were also extracted on women'’s age at the start
of their pregnancy, socioeconomic deprivation as mea-
sured by quintiles of the Townsend Index of deprivation
[27] based on their home postcode, body mass index
(BMI) before their pregnancy and morbidities common in
pregnancy for which the recording of smoking status has
been specifically incentivised by the QOF (hypertension,
diabetes, asthma, and mental illness which included de-
pression, anxiety, bipolar disorder, schizophrenia and other
psychoses), during pregnancy or within 27 months before
conception in line with the QOF recording rules [28]. A
summary variable was also created for the presence of at
least one chronic condition out of the morbidities under
study. Missing data for Townsend quintile and BMI were
included in separate categories in the analyses.

Statistical analysis

Across the whole study period, annual proportions of
pregnant smokers with records of smoking cessation
advice were calculated as the number of pregnancies
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among smokers with recorded smoking cessation advice
divided by the total number of pregnancies among
smokers who gave birth in that year.

To investigate the factors associated with the recording
of smoking cessation advice delivered to pregnant smokers
we used data from 2006 to 2009, as the proportion of
pregnant smokers given smoking cessation advice in pri-
mary care only stablised after 2006 (as seen in Figure 1).
Firstly, using univariable logistic regression, odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated
for the association between each variable (age at preg-
nancy, Townsend quintile, BMI category, asthma, diabetes,
hypertension and mental illness) and whether or not
smoking cessation advice was recorded during pregnancy.
Covariates that were significantly associated with the re-
cording of smoking cessation advice in the univariable
model (p <0.05) were considered for inclusion in the final
multivariable model. As some women had more than one
pregnancy during the study period that contributed to our
analyses, we accounted for this potential clustering of
pregnancies within women by calculating robust confi-
dence intervals (Cls) around our odds ratios using the
clustered sandwich estimator to allow for intragroup cor-
relation [29,30]. All analyses were completed using Stata
version 11.0 (StataCorp LP, College Station, TX).

Results

Baseline characteristics

We identified 45,296 pregnancies in 39,781 women result-
ing in a live birth or stillbirth from 2000 to 2009 and
where women were classified as smokers during preg-
nancy. Of these 4,826 also had NRT prescribed during
pregnancy for smoking cessation. The mean age at con-
ception was 27 years (standard deviation 6.17) and 48.6%
of the pregnancies included in the study were in women
in the two most deprived quintiles of the Townsend Index
of deprivation. Smoking cessation advice was recorded in
12,454 (27.5%) of all pregnancies under study and half of
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the pregnancies (49.5%) where women also received an
NRT prescription during pregnancy. Table 1 describes the
baseline characteristics of the study population.

Annual trends in recorded smoking cessation advice in
primary care

Figure 1 shows the annual proportions of pregnant smokers
with smoking cessation advice recorded in their primary
care medical records during pregnancy from 2000 to 2009.
Overall, there has been an increase in this proportion over
time. The proportion of pregnant smokers with recorded
smoking cessation advice in 2000 was only 7%. This dou-
bled to 15% in 2003, after which a steep increase was ob-
served in 2004 with the proportion rising to 33%. The
proportion of pregnant smokers with recorded smoking
cessation advice peaked in 2005 at 37%, after which it sta-
balised at between 26-29% in the period of 2006-2009.

Factors associated with the recording of smoking
cessation advice in pregnancy

Table 2 shows variations in the odds of smoking cessation
advice being recorded during pregnancy by women's
sociodemographic characteristics and morbidities. Preg-
nant smokers from the youngest age group (15-19) and
the oldest age group (45-49) were more likely to be re-
corded as having received smoking cessation advice com-
pared to pregnant smokers between the age of 25 and 29
years (OR 1.21 (95% CI 1.10-1.35) and OR 2.37 (95% CI
1.11-5.10) respectively). Recording also varied with socio-
economic status, such that pregnant smokers from the
most deprived group (quintile 5) were 38% more likely to
have smoking cessation advice recorded in their primary
care records than pregnant women from the least deprived
quintile (OR 1.38, 95% CI 1.14-1.68). In addition, recorded
smoking cessation advice was higher in pregnant smokers
with morbidities, such that pregnant smokers with asthma
were almost twice as likely to have been recorded as
having received smoking cessation advice compared to
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Table 1 Baseline characteristics of the study population
(pregnant smokers)

Total Recorded smoking

pregnancies  cessation advice (%¥)

(N =45,296) (N =12,454)
Age at conception
15-19 years 5019 1538 (30.6%)
20-24 years 12,180 3355 (27.5%)
25-29 years 12,005 3153 (263%)
30-34 years 9736 2613 (26.8%)
35-39 years 5254 1457 (27.7%)
40-44 years 1,048 317 (302%)
45-49 years 54 21 (38.9%)
Townsend score in quintiles
Quintile 1 - most affluent 5380 1293 (24.0%)
Quintile 2 6,156 1625 (26.4%)
Quintile 3 8842 2360 (26.7%)
Quintile 4 11432 3303 (28.9%)
Quintile 5 - most deprived 10572 3141 (29.7%)
Missing 5380 1293 (24.0%)
Pre-conception body
mass index
Normal (18.0-24.9) 19,579 5,144 (26.3%)
Underweight (<18.0) 2,106 588 (27.9%)
Overweight (25-29.9) 8897 2547 (284%)
Obese (> =30) 6338 1874 (29.6%)
Missing 8302 2301 (27.7%)
Asthma 5238 2,102 (40.1%)
Hypertension 969 315 (325%)
Diabetes 942 310 (32.9%)
Mentalillness 7193 2184  (304%)
At least one of above 12577 4177 (33.2%)

morbidities**

*3% with recorded smoking cessation advice as a proportion of all pregnancies
in smokers within each variable strata.

**Recording of medical conditions including asthma, hypertension, diabetes
and mental illness.

pregnant smokers without asthma (OR 1.97, 95% CI 1.80-
2.16). Similarly, pregnant smokers with hypertension and
diabetes were, respectively, 32% (OR 132, 95% CI 1.09-
1.60) and 24% (OR 1.24, 95% CI 1.03-1.50) more likely to
have smoking cessation advice recorded in their medical
records compared to smokers without these morbidities.
The presence of at least one of the above morbidities (dia-
betes, hypertension, asthma, mental illness) increased the
likelihood of recording of smoking cessation advice for
pregnant smokers by 49% (OR 1.49, 95% CI 1.39-1.60).

Discussion
Using a large population-based dataset, we have shown
that the proportion of pregnant smokers recorded as
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having been advised to quit in primary care increased
from 7% in 2000 to 30% in 2009, with substantial in-
creases in the rate of recording around the time of the
introduction of the QOF in 2004. We also found smok-
ing cessation advice was more likely to be recorded in
pregnant smokers from more deprived socioeconomic
groups, among pregnant teenagers and women over age
45 years, and among women with asthma, diabetes, hyper-
tension and mental illness.

Whilst national trends in the delivery of smoking ces-
sation advice have been assessed in the general popula-
tion [31,32], this is the first study to assess this advice
recording during pregnancy in primary care. Our study
provides estimates for the delivery of smoking cessation
advice during pregnancy in routine GP consultations to
complement survey data, which may over-estimate phys-
ician behaviours such as delivering smoking cessation
advice [33] and may be limited by small sample sizes
and non-probability sampling techniques [19,20]. How-
ever, we acknowledge that the recording of smoking ces-
sation advice in a pregnant woman’s medical records
may not always be acknowledged and interpreted as ad-
vice to quit by the women, and we do not know whether
it was acted upon and resulted in a cessation attempt.
The concept of smoking cessation advice is very subject-
ive and different GPs may have different opinions on
what constitutes effective advice. This may vary from a
detailed discussion on smoking cessation strategies to
only a brief mention of smoking during the consultation
[34]. Indeed it is possible that in some cases smoking or
smoking cessation may not actually have been discussed
at all in the consultation and therefore we cannot be
completely sure of the degree to which these Read codes
represent the nature and extent of the advice delivered
to pregnant smokers [32,34]. Additionally, GPs commonly
address an average of two to three different medical prob-
lems during a single consultation [35,36]. However, the
clinical coding does not necessarily reflect the breadth of
the consultation and only the dominant topics of the visit
may be coded [37]. Therefore, it is possible that smoking
cessation advice was provided as part of the consultation
yet not recorded electronically in women’s primary care
notes. Furthermore, defining women as smokers based on
NRT prescriptions may result in over-estimation of the
cessation advice recording as prescribing of NRT is more
likely to be accompanied or preceded by the delivery of
smoking cessation advice. However, only 10% of the
smokers in our study were identified based on NRT pre-
scriptions. Moreover, only 50% of women who received
NRT also had a record of smoking cessation advice, and
therefore it would not affect the proportion of smokers
with cessation advice substantially.

In the UK health care system midwives are the main
point of contact for most women during pregnancy [37,38]
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Table 2 Odds ratios of receiving smoking cessation advice by women's characteristics and morbidities between 2006
and 2009

Pregnant smokers Pregnant smokers with Unadjusted Adjusted
(n =27,959) smoking cessation advice
(n=7,716)

Age at conception n % OR(95% Cl)  p-value OR(95% Cl)  p-value
15-19 3,169 957 302 1.19(1.08-1.32) 0008 121 (1.10-1.35) 0001
20-24 7,738 2127 275 1.05(096-1.14) 1.04 (0.96-1.13)

25-29 7542 2,006 266 1 1

30-34 5639 1,535 272 1.03(095-1.12) 105 (0.96-1.14)

35-39 3166 872 275 1.05(095-1.15) 107 (097-1.17)

40-44 671 203 303 1.20(1.00-143) 1.18 (0.98-141)

45-49 34 16 47 245(1.21-498) 237 (1.11-5.10)

Townsend score

Quintile 1 (most affluent) 3,047 m 233 100  <0001* 100  <0001*
Quintile 2 3,745 1,005 268 1.21(1.07-135) 1.19 (1.06-1.34)

Quintile 3 5532 1480 268  1.20(1.06-1.36) 1.18 (1.04-1.35)

Quintile 4 7191 2075 289  1.33(1.16-1.53) 129 (1.13-148)

Quintile 5 (most deprived) 6,583 1,989 302 1.42(117-1.72) 1.38 (1.14-1.68)

Missing 1,861 456 245 107 (089-1.28) 1.03 (0.85-1.24)

Body mass index

Underweight (<18.0) 11,893 3,19 269  1.10(097-1.25) <0.001 1.08 (0.95-1.22) <0001
Normal (18.0-249) 1334 385 289 1 1

Overweight (25.0-299) 5689 1645 289  1.11(1.03-119) 109 (1.01-1.18)

Obese (230) 4218 1,252 297 1.15(1.06-1.24) 1.08 (0.99-1.16)

Missing 4825 1,238 257 094 (087-1.01) 092 (0.83-1.01)

Asthma 3317 1,368 412 202 (1.85-22) <0.001 197 (1.80 - 2.16) <0001
Hypertension 580 200 345 139(1.16-167) <0001 132(1.09-1.60) <0001
Diabetes 635 208 328  1.29(1.07-1.55) 0008  1.24(1.03-150) 0015
Mental illness 4390 1314 299 1.15(1.06-1.24) 0001 109 (1.01 - 1.18) 0019

OR Odds ratio, C/ Confidence interval, *p-value for trend.

and guidelines indicate that midwives should ask about
women’s smoking status at the first antenatal booking
appointment (usually between 8-12 weeks), and provide
smoking cessation advice and referral if warranted [39].
This information should be documented in women's hand-
held notes (mandatory paper records that women should
carry throughout pregnancy as part of the UK’s National
Health Service antenatal care). However, there are no exist-
ing studies to show the extent to which this information is
transferred to their electronic primary care records. We
may, therefore, have underestimated the proportion of
smokers in fact receiving cessation advice.

Our study is novel in that it investigates the maternal
characteristics associated with the recording of smoking
cessation advice during pregnancy. We found a signifi-
cant increase in recorded smoking cessation advice with
increasing deprivation quintile. A similar trend was seen
in a study which examined the impact of the QOF on
the recording of smoking advice in the general adult

population - smokers from the most deprived quintile
were 20% more likely to have a record of smoking cessa-
tion advice than smokers in the least deprived quintile
[31]. This may be related to a poorer overall health status,
higher prevalence of illness in more deprived smokers
[40], or generally heavier smoking habits in this group [6],
resulting in more GP visits and consequently more oppor-
tunities for the delivery and recording of smoking cessa-
tion advice. We also found that pregnant smokers in the
youngest (15-19 years) and the oldest (45-49 years) age
groups were more likely to have smoking cessation advice
recorded during pregnancy. Although the latter was only a
very small group of women, pregnancies in the 45-49 age
groups are generally high-risk, resulting in more GP visits
than normal pregnancies, which will make smoking cessa-
tion more important and result in more opportunities for
providing smoking cessation advice. The prevalence of
smoking during pregnancy is generally higher in younger
women [6], and teenagers also have generally higher-risk
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pregnancies compared with women of average childbear-
ing age [41,42]. According to the Infant Feeding Survey
2010, levels of smoking during pregnancy were the highest
among mothers under the age of 20 in England and
Scotland [6], which may explain higher smoking cessation
advice documentation in this very young group in our
study. The presence of comorbidities such as asthma, dia-
betes, hypertension and mental illness was also related to
recording of smoking cessation advice delivery in our
study. The effect of asthma was the strongest, such that
pregnant smokers with asthma were twice as likely to have
cessation advice recorded in their primary care records
compared to non-asthmatics. This is consistent with a
general population study which showed that presence of
comorbidities was strongly related to the recording of ces-
sation advice in primary care in the general population.
However, the magnitude of effect for the morbidities was
much higher than that found in our study [31], which may
be because pregnant women are generally younger and
healthier compared to the general adult population.

In our study, the proportion of pregnant smokers with
smoking cessation advice recorded in their medical re-
cords during their pregnancy doubled between 2003 and
2004 suggesting that, despite having no specific target
for recording of smoking cessation advice during preg-
nancy, the QOF has increased the occurrence of such
activity. This marked increase between 2003 and 2004
can be attributed to the introduction of the 2004 GP con-
tract as the negotiations for this contract started between
2002 and 2003 [43]. A general population study using pri-
mary care data from over 300 practices throughout the
UK to assess the effect of the QOF on recording of smok-
ing status and smoking cessation advice found that al-
though rates of recording of smoking cessation advice in
patients’ electronic medical records had been increasing
gradually since the year 2000, the rate of improvement ac-
celerated from 2003, with a 3-fold increase observed be-
tween the first quarter of 2003 and the same period in
2004, just before the introduction of the QOF (Risk Ratio
(RR) 3.03, 95% CI 2.98-3.09) [44]. This may be evidence
that historically GPs have not documented their delivery
of smoking cessation advice in patients’ primary care re-
cords and after the introduction of QOF in 2004 the docu-
mentation of such advice improved. Data collected by
semi-structured interviews in antenatal clinics at one UK
hospital in the mid-1990s found that 34% of pregnant
smokers reported receiving advice to quit from their GP
[20]. Similarly, annual surveys between 1992 and 1999
conducted on pregnant women throughout England found
that the proportion of pregnant smokers who received
advice from a health professional ranged from 38%-55%
[19]. Patient recall is known to be biased towards over-
reporting in questions about smoking cessation advice
[3345], which may explain why estimates from these
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surveys are higher than our estimates from THIN data
presented here. However, the large difference between the
proportion of women with cessation advice recorded in
THIN prior to 2004 and these survey estimates suggests
that the introduction of the QOF may have resulted in an
improvement in the recording of advice, which GPs were
already giving but not documenting [34]. Despite these
uncertainties in the interpretation of the data presented
here, the observation that only approximately one-third of
smokers have the delivery of cessation advice recorded in
their primary care medical records suggests there is sub-
stantial room for improvement in the provision of this im-
portant health advice, particularly during pregnancy.

Conclusions

In conclusion, although there are no specific targets to en-
courage GPs to deliver and document smoking cessation
to pregnant women, the effects of smoking-related QOF
targets in the general population appear to have increased
the overall recording of smoking cessation advice during
pregnancy as well with some fluctuations over the years.
Pregnancy offers a strategic opportunity for health profes-
sionals to promote smoking cessation and motivate women
to give up as women are generally more receptive to cessa-
tion interventions [46], therefore every opportunity to en-
courage smoking cessation should be seized by the health
care professionals even if it is in the form of brief advice
lasting less only a few minutes. The inclusion in the QOF
of a target on smoking cessation advice specifically during
pregnancy may result in the topic of smoking being raised
more frequently, more advice being given and recorded
and more pregnant smokers being referred on for specialist
support with quitting smoking.
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ABSTRACT

Background We aimed to assess the potential usefulness of primary care data in the UK for estimating smoking prevalence in pregnancy by
comparing the primary care data estimates with those obtained from other data sources.

Methods In The Health Improvement Network (THIN) primary care database, we identified pregnant smokers using smoking information
recorded during pregnancy. Where this information was missing, we used smoking information recorded prior to pregnancy. We compared
annual smoking prevalence from 2000 to 2012 in THIN with measures from the Infant Feeding Survey (IFS), Smoking At Time of Delivery (SATOD),
Child Health Systems Programme (CHSP) and Scottish Morbidity Record (SMR).

Results Smoking estimates from THIN data converged with estimates from other sources after 2004, though still do not agree completely: For
example, in 2012 smoking prevalence at booking was 11.6% in THIN using data recorded only during pregnancy, compared with 19.6% in SMR
data. However, the use of smoking data recorded up to 27 months before conception increased the THIN prevalence to 20.3%, improving the
comparability.

Conclusions Under-recording of smoking status during pregnancy results in unreliable prevalence estimates from primary care data and needs
improvement. However, in the absence of gestational smoking data, the inclusion of pre-conception smoking records may increase the utility of
primary care data. One strategy to improve gestational smoking status recording in primary care could be the inclusion of pregnancy in the Quality
and Outcome’s Framework as a condition for which smoking status and smoking cessation advice must be recorded electronically in patient
records.

Keywords primary care, pregnancy and childbirth disorders, smoking

Introduction

i X . ) measures smoking differently and has its strengths and limita-
Spesiking. I peRps iy B an ormn.t pre\"em;nl’)le cpsehpooy tions The Infant Feeding Survey (IFS) measures smoking at
health outcomes for women and their babies. *~ In March 2011, . -
the UK Government white paper entitled ‘Healthy lives healthy
people: A tobacco control plan for England’ set out a national
goal to reduce the prevalence of smoking throughout pregnancy
to 11% or less by 2015.% It is therefore crucial to collect data on N DS
maternal smoking to monitor progress towards this national Lailsl) tais, e s Lpbnuidiony
goal. The UK currenty has four data sources that provide

population-level estimates of smoking during pregnancy. Each
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delivery, retrospectively; at 6—8 weeks postpartum in the UK.*~°
The smoking at the time of delivery (SATOD) data measure
smoking behaviour at the time of delivery,” whereas the Child
Health Systems Programme (CHSP) Pre-School Component
measures maternal smoking around delivery usually within 10
days postpartum.” In comparison, data from the Scottsh
Morbidity Records (SMR) measure smoking at the time of first
antenatal appointment. Electronic primary care records contain
routinely collected information on medical diagnoses, prescrip-
tions and other data such as patients’ smoking status,” and thus
could potentially provide comprehensive and timely population-
level data on smoking prevalence during pregnancy. In April
2004, a contract for UK general practiioners (GPs) (family phy-
sicians) was implemented; this introduced pay-for-performance
targets known as the Quality and Outcomes Framework
(QOF)" according to which the recording of smoking
status and recorded delivery of smoking cessation advice can
generate revenue of up to £10000 per year per pmcx:ice.”"z
Consequently, the recording of smoking status in primary care
data has improved such that, outside of pregnancy, UK primary
care data are a valid source of data to monitor smoking preva-
lence at a population level both nationally and rcgionally.”‘”
However, the potential use of these data for generating estimates
of smoking during pregnancy at a population level is yet to be
studied. In an earlier study, we found that the recording of
smoking status during pregnancy is relatively incomplete; in
2009, only 43% of women had a record for smoking status
during pregnancy.”” However, in this previous work, we found
that the udlity of incomplete individual-level smoking status data
could be improved by making various assumptions which
reflected dama recording practices encouraged by the QOE®
Consequently, in this paper, we test similar assumptions to assess
the potential usefulness of primary care data for estimating the
population smoking prevalence in pregnancy by comparing esti-
mates from primary care data with those obtained from other
available data sources.

Methods

Data source and study population

The Health Improvement Network (THIN) is an electronic
primary care database containing anonymized patient records
from general practices across the UK. It is representative of
the UK population in terms of patient demographics and the
prevalence of common illnesses.'® The version of THIN
used for this study contained data from 570 practices, cover-
ing ~6% of the UK population.” Our study population
included all women of reproductive age (defined as 15-49"%)
in THIN with pregnancies ending in live births or stillbirths
from 2000 to 2012. Pregnancies ending in miscarriage were

not included in the study population as many of these occur
early in pregnancy when women may not know they are preg-
nant. Therefore, they may not be reported to the doctor, or
if they are reported, the first consultation indicating the preg-
nancy may be for reporting the miscarriage, when ascertain-

-ment of smoking status would only be retrospective. For

women with more than one pregnancy during the study time,
one pregnancy was chosen at random for analysis to prevent
any clustering effects.

Comparing the prevalence of smoking in pregnancy
in THIN with other data sources

For each woman, we extracted all records of smoking status
recorded in THIN using Read codes'® before and during
pregnancy and up to 10 days after delivery (e.g 137R.00—
Current smoker). Where a Read code did not clearly indicate
current smoking (e.g. 137X.00—Cigarette consumption), we
assessed whether smoking status could be derived from any
additonal informadon recorded, such as the number of
cigarettes smoked, or the presence of prescriptions for
smoking cessation medications. If no additional information
was found, the recording was labelled as unknown smoking
status. Code lists are available from the authors on request.

Using a previously validated algorithm,n
extracted Read codes to determine each woman’s smoking
status during their pregnancy. The annual prevalence of
smoking during pregnancy as recorded in THIN (as a propor-
tion of all births in that year) was then compared against the
prevalence measures from the IFS, SATOD, SMR and CHSP.
A detailed description of each of these data sources is pro-
vided in Table 1.

Each comparison used a slightly different population of
women from THIN and assessed smoking status at a different
point in time in pregnancy to reflect the nature of the data col-
lection in the source being compared (see Table 2). Estimates
of smoking prevalence from the IFS were derived from the
‘raw’ data sets of individual women’s survey responses, available
from the UK Data Service™ The IFS only asked about
smoking status retrospectively, so women were classified as
smoking at delivery if they reported that they tried to give up
smoking during pregnancy but started again before delivery, if
they tried to cut down on the amount smoked during preg-
nancy, or if they did not try to cut down during pregnancy.
Estimates of the prevalence of smoking from SATOD, SMR
and CHSP data were obtained from published reports.

we used the

ing g where had
no record during the gestational period
Initially, we used only records of smoking status documented

in the primary care record after the date of conception to
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Table 2 THIN comparisons with the currently available data in the UK

Survey Time at which survey assesses  Years compared

smoking prevalence with THIN

THIN population used  Timing of records considered to define
for comparison smoking status in THIN

Infant Feeding Survey (IFS) At delivery

Smoking Status at Time of At delivery 2006-2012
Delivery (SATOD)

Scottish Morbidity Record At booking (812 weeks 2000-2012
(SMR) gestation)

Child Health Systems 10 days after delivery 2001-2012
Programme (CHSP) ;

determine smoking status during pregnancy. However, if a
woman’s smoking status was not recorded during gestation,
we used pre-conception records of smoking status to identify
women who might have smoked during pregnancy. Based on
the QOF rules for the recording of smoking status in the
general population, which from April 2004 to March 2006
required the smoking status of patients aged 15 or over to be
recorded at least once in primary care records, and since April
2006 have required records to be updated every 27 months,
we used two cut-off points for including informaton from
pre-conception records.” Firstly, we used a cut-off of 27
months before conception and recoded women as smokers if
their last smoking record in the 27 months before conception
indicated smoking. Finally, if a woman did not have her
smoking status recorded either during pregnancy or in the 27
months before conception, we included any smoking infor-
mation recorded in their primary care data since they regis-
tered with their practice.

All analyses were conducted in Stata 12.0 (StataCorp LP,
College Station, TX, USA). Ethical approval was obtained
from the THIN Scientific Review Committee (Reference
number 11-047).

Results

ies and

Pop king in THIN

We identified 310 043 women with one or more pregnancies
ending in a live birth or stllbirth from 2000 to 2012; 246 730
of these women were registered with a GP in England and
34 442 were in Scotland. The mean age at conception was 29.5
years (standard deviation 5.9 years). Only 30% of women had
their smoking status recorded at least once during pregnancy
and of these women 75% only had a single record.

ion of pr

=

2000, 2005, 2010  Data from all UK

Last smoking status recording between

practices (n = 570) conception and delivery
Data from English Last smoking status recording between
practices (n = 420) conception and delivery
Data from Scottish First smoking status recording between
practices (n = 85) conception and delivery
Data from Scottish Last smoking status recording between

practices (n = 85) conception and 10 days after delivery

Comparison with IFS data

Figure 1a shows the prevalence of smoking at the time of de-
livery in women in THIN compared with the prevalence mea-
sures in the IFS. Annual trends could not be compared as
there were only three data points available. In 2000, none of
the three prevalence estimates using THIN data were compar-
able with the IFS estimates. In 2005, smoking prevalence in-
cluding data recorded up to 27 months before conception
from THIN was slightly higher than the IFS estimate (17.0
versus 20.6%, respectively). In 2010, the IFS prevalence of
smoking at the time of delivery decreased further to 11.6%,
while the THIN prevalence using data recorded up to 27
months before conception remained similar (19.9%). In com-
parison, the IFS prevalence for 2010 was ~3 percentage
points higher than the THIN prevalence using only smoking
data recorded during pregnancy (11.6% in the IFS compared
with 9.3% in THIN).

Comparison with SATOD data

When using smoking data tecorded any time before delivery,
the prevalence of smoking during pregnancy recorded in
THIN was ~7 percentage points higher than the SATOD
estimates from 2006 to 2012. In comparison, the THIN
prevalence considering data recorded up to 27 months before
conception was ~4-5 percentage points higher over the
G years of available data, while the THIN prevalence consider-
ing only records of smoking recorded during the gestational
period was 4-5 percentage points lower than the SATOD
estimates (Fig. 1b).

Comparison with CHSP data

Using only records of smoking status entered during the gesta-
tional period, the THIN prevalence of maternal smoking was
low until 2004 (e.g. 44% of the CHSP prevalence of 23.1% in
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IFS and THIN smoking prevalence during pregnancy
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Fig. 1 Comparison of smoking prevalence from currently available data sources and THIN.

2004) (Fig. 1c). It was 10.5% in 2012, ~7 percentage points
lower than the corresponding CHSP prevalence of 17.1%.
Using smoking information recorded in the 27 months before
pregnancy, the prevalence in CHSP and THIN converged in
2005. After this, the THIN estimates were slightly higher than
the CHSP estimates, such that in 2012 the THIN prevalence
using data recorded up to 27 months before pregnancy was
19.9% compared with the CHSP prevalence of 17.1%. The
prevalence estimates using data recorded ever before delivery
were only slightly higher than the estimates using data recorded
up to 27 months before conception.

Comparison with SMR data

Using smoking status data recorded during the gestational
period, the THIN prevalence was much lower than the SMR
prevalence until 2004 (THIN prevalence = 10.6% compared
with SMR prevalence of 23.8% in 2004, as shown in Fig. 1d).

Prevalence in THIN was 11.6% in 2012 but was still 40%
lower than the corresponding SMR prevalence of 19.6%.
When including smoking information recorded up to 27
months before conception, the two lines converged between
2004 and 2005; in 2012, smoking prevalence in THIN was
20.3% using data recorded up to 27 months before concep-
tion and smoking prevalence using data recorded any time
before pregnancy was 21.3% compared with the SMR preva-
lence of 19.3%.

Discussion

Main findings

We found that, with current levels of completeness of
smoking data in primary care records, it is not possible to
produce population level estimates for smoking prevalence
during pregnancy that are directly comparable with those
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derived from existing surveys. The convergence between
THIN estimates and estimates from other data sources has,
however, improved over time especially following the intro-
duction of the QOE Data from the IFS show good agree-
ment with smoking at delivery in women in 2010 as recorded
in THIN based on smoking status records entered in the elec-
tronic medical record during pregnancy. THIN data, using
smoking data recorded up to 27 months before conception,
show good agreement with SMR estimates in the final year of
the study period.

What is already known on the topic

To date, there are no studies assessing the validity of primary
care data for quantifying the prevalence of smoking during
pregnancy. A study comparing smoking prevalence recorded
in THIN to smoking prevalence in the general population
[measured by the General Lifestyle Survey (GLF)] found a
good agreement between THIN and the GLF after 2008 and
concluded that primary care data may provide an alternate
means of monitoring national smoking prevalence.'s Despite
the smaller sample sizes at regional level, primary care data
have also been shown to be a good means of monitoring
regional smoking prevalence in the general population.'”

If primary care data were valid to monitor smoking preva-
lence during pregnancy, there would be several advantages of
using these data to do so. All women in the UK must be regis-
tered with a GP in pregnancy to receive free antenatal care, so
their records will be available in GP research databases.
THIN data are routinely collected, have a lag of only 3-8
months before clinical data become available to researchers,
and have the statistical power to provide estimates for the
whole UK as well as constituent countries.'

What this study adds

The prevalence estimates of smoking during pregnancy from
primary care do not accurately converge with other data
sources because, at least in part, smoking status recording
during pregnancy in primary care is incomplete}“ If a
woman’s status did not change after she became pregnant
(e.g: a non-smoker before pregnancy remained a non-smoker
during pregnancy, or a smoker continued to smoke), GPs
might be less likely to re-enter this information, which may
account for the low completeness. Furthermore, in the UK,
smoking status during pregnancy is primarily ascertained by
midwives and recorded in women’s handheld maternity
records [mandatory paper records that women carry through-
out pregnancy as part of the UK’ National Health Service
(NHS) antenatal care]. While the National Institute for Health
and Clinical Excellence (NICE) recommends that midwives

and others involved in the care of pregnant women assess
and document women’s smoking status in their maternity
records, " this information is not routinely entered into
primary care records as the documentation in midwives’
notes is not usually transcribed onto the electronic primary
care records. This was clearly reflected in our previous study
which found that from 2000 to 2009 smoking status was only
recorded in primary care for 28% of pregnancies.l” In the
current study, smoking status was only recorded for 30% of
pregnancies.

Another possible explanation for the lower THIN preva-
lence could be that THIN over-represents general practices
from more affluent areas of the UK. Since smoking preva-
lence is lower in women from more affluent groups, this may
slightly under-estimate the smoking prevalence generated
using THIN data and account for some of the differences
between THIN prevalence estimates and other data sources.

While THIN estimates using only gestational smoking
records do not approximate closely to annual prevalence
from other data sources, THIN estimates using smoking data
from up to 27 months pre-conception are comparable with
the SMR data (smoking status recorded at booking) in 2012.
GP data may be most useful to provide adequate data on
smoking prevalence early in pregnancy, when most women
see their GPs for initial care, compared with the time around
delivery, when most women will be cared for essentially in
secondary care facilities.

Limitations

This is the first study to assess the potential of primary care
data to provide population-level estimates of smoking during
pregnancy and compare it with other current data sources in
the UK. Fertility rates in THIN are comparable with national
fertility rates™ and therefore our ascertainment of pregnancies
is valid. However, like the other data sources under compari-
son, data on smoking status recorded in THIN are self-
reported and women may not accurately report their smoking
behaviour, particularly during pregnancy where there may be
social stigma attached to smoking,”

A potential limitation of our study was the inclusion of
pre-conception smoking records to predict smoking status
during pregnancy, which may not be an accurate reflection of
women’s smoking status during pregnancy. Studies which
have investigated smoking behaviour in early pregnancy indi-
cate that many women attempt to quit when they find out
they are pregnant or later during pregnancy,s“ so it is unlikely
that the inclusion of pre-conception records resulted in an
under-estimation of smoking prevalence during pregnancy. It
could however, lead to misclassification of some ex-smokers
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as current smokers, resulting in an over-estimation of the
prevalence of current smoking during pregnancy in THIN.
We believe that a substantial over-estimation is unlikely as
~35-50% of pregnancies in the UK are unplarmed,‘”'s2
which means that only some women are likely to make posi-
tive behaviour changes such as quitting smoking before
attempting to conceive. It may, however, hold true for some
women who quit on confirmation of their pregnancy.

Another potential weakness of our study, and of primary
care data itself, is that it is difficult to determine the timing of
smoking status ascertainment in relation to progress through
gestation; this makes direct comparison with other data sources,
obtained at booking or delivery, difficult. Lastly, smoking status
during pregnancy is a complex and variable behaviour and it
may fluctuate throughout pregnancy.” Therefore, single mea-
sures of smoking such as smoking at booking or smoking at de-
livery captured in SATOD, SMR and CHSP data are limited in
their usefulness. Although they may give a snapshot of smoking
behaviour at a certain time, they may not give a complete
picture of smoking behaviour throughout pregnancy. IFS data
assess smoking behaviour throughout pregnancy in more detail,
albeit collected retrospectively. However, these data are collected
on a quinquennial basis and thus may become out of date
quickly. If smoking information was collected and recorded by
GPs more frequently throughout pregnancy, then primary care
data may prove to be very useful to assess the population-level
burden of maternal smoking throughout pregnancy. However,
as shown in this study, currently these data are not desirably
complete.

Conclusion

All existing data sources that measure smoking during preg-
nancy have their strengths and limitations. Primary care data
have a great potential to measure smoking status during preg-
nancy at a population level, but this potential appears to be
greatest for measuring smoking prevalence in early pregnancy
around the time of booking appointments. Although recording
of gestational smoking status in THIN is improving over time,
it is not adequately complete to produce maternal smoking esti-
mates at a population level with most women just having a
single recording of smoking status throughout the course of
pregnancy. Periodic recording of smoking status during preg-
nancy is important to monitor changes in smoking behaviour
throughout pregnancy and to maintain and improve women’s
care before and after delivery. Although this information may
be recorded and updated in handheld maternity notes, there is
currently no centralized recording system and the information
in these notes is lost after delivery. Better integration of record-
ing systems in primary care and midwifery services is required

to improve communication and relay of relevant medical and
lifestyle information including smoking status. One strategy to
improve this recording in primary care may be the inclusion of
pregnancy in the QOF as a condition whete smoking status
and smoking cessation advice should be recorded in the
electronic primary care records. This will not only increase
opportunities for healthcare professionals to provide smoking
cessation advice and interventions, but could also provide valu-
able data for the evaluation of the effectiveness of these inter-
ventions and monitoring progress towards meeting national
prevalence targets.
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10.4 PRESCRIBING OF NICOTINE REPLACEMENT THERAPY IN AND

AROUND PREGNANCY: A POPULATION-BASED STUDY USING

PRIMARY CARE DATA
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Prescribing of nicotine replacement
therapy in and around pregnancy:

a population-based study using primary care data
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INTRODUCTION
Smuoking in pregnancy is related o seeral
acverse mutcomes for both methers and
ther chidren.” In the UK, 26% of mathers
smoke directly ‘before or during  their
pregnancy, and 12% contmae f smoke
throughout? Similar preilence has been
reporied in Australa and the LS |11.7% and
0% respeciively] Thersfore, meducing
SMoking N precrancy is a glosal pablic
halth priorne

hcoting: replacement thergy INRT] is
a pharmacological smoking cessation aid
which became avalable on prescoption
from the LK MHS o April 20007 |t ves
initially contraindicater during pregnarcy
because of a lack of evadencn for its safehd®
To cate there is no conclusie evidence on
its effeciiveness during pregnancy,” and
studes of NRT salety during pregnarcy
are inconclusie S+ Rlpveriheless, expert
consensus is Iaf KAT is Gely io be lecs
hanmiid than smoking during pregnancy
ared, walky warious caramabs, MAT has been
recommended by international guidebnes
when smaking cessation withaat NAT is
unsuccessful

Literalure describing NAT use in
pregnancy = liméed to obsenational
studies from the US and Denmark
assessing Lhe association of MRT useduring
pregnancy and adverse brih osicomes. The
prevalence of self-reported WAT wsea in
the frst 12 wesks of gestation was 0357
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armlyad, Diviwer: of Primary Cor, amd docioral
stuurs, Trisin of Bpserminlogy el Publie
Fimali; L Sexiowsld, FhD, ectowr in madical

2-L5% in 17-17 weeks of geslation in the
Danish Matioral Birth Cohort ™M and in
the Pregnancy Risk Assessmernt Montionng
Sysiem {PRAME] from four US staies @ was
7% [20041* Srce ther publication, new
NAT products have been ntroduced and
international quidelines. on gestational KAT
usehave changed. In 2013, the Werls Health
Organizaion (WHO] ecommended an
urger reed dor studies on the suneillance
of curment AT us2 in pregnancy

In December 005, UK licensing
arangernents wern changed o allow
prescriking of NAT io pregriant smokers. ™
As a result, MRT can now be presorbed
1o pregnant females by GPs, midwives, o
ather kconsed health professionals warkang
in MH5 Siop Smaking Services 1355 after
dsrussing the risks and benefits of usng
the dnm in pregnancy. Although it @n
allsn be bought directly from pharmacies or
other retailers such as supermarkets, all
drug packaging relains warnings agairs
s use in pregnancy without prior GP
consultation. Most NAT is probably recewed
iz GP prescriptian, 25 half of MAT proaded
by pregrancy S55s i issued Wa the patient’s
GPW

Thas tar, only two UK siudies have
asseszed WAT se in pregnance™' One
of these Sludies orly presemis ocal cata
trom Tayside, Scotiand# and the second
was onty among demales atending NHS
ZES in England ™ Gven that orly 1% of all
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How this fits in
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pregnandy was | % aeng sTars,
Omitls tho prescrbng prosakings Lol
and aller bIugnany Howar, Mo
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naplacarran haagy during pragnarcy.
Preccrizing was highar in pregrant
GPGALT Irim o Suprhed et and
i R ik R of acthend o
et R

pregnart: fermates aftend S55x, this wifl have
eclutied mast pregnant smakers #4 n this
shudy, LK prescribing of NAT i quantfied
before, during, and after prograncy Lsing
2 rafionaily representative sampie, and the

Table 1. Baseline characteristics of the study population
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eeemzion uni deln: *Eermecmomi st ART = i replaceren’ aray

charactershes of females who receie AT
ESCIphOnS 2re Fwesligated.

METHOD

[iata source and study populstion

The Health ~Improvement  Kebwork
{THINL an eectronic database contaming
amonymised patie reconds from general
prachces across the UK, was used for
this study; covening approdmately % cof
the pogulstion represeniatie of the LK
population i lerms of demographics,
peaience ol common ilnesses, and
fertifty rates.®* Provalence of smaking
;i prescnbng of smolang cessation
medicaons i the general popuiation n
THIM has been wilidsted against rational
data ™ The stucy population included all
peonancies. between Janiary 001 and
Descomber 3012 in females of chikdbeanng
23e |15=4% years}, msulling i a lhe ki
or astillbirth.

Oustcome and covariates

The smoking status of fEmales wes
determined uzing Fead Codes® reconded
from 27 months before conception up (o the
end of pregnancy, based on the meoring
rubesin the GP cantract ¥iwhich is descrbed
i detal elsewhere™ Mubliler Orug Codes
far all MRT larmudations availatie in the LK
acoanding to the Erifish Natienal Formutary
|EMA veere used for AT prescrptors.®
Coxe lisls ame avaidable from the authors
an reguest,

Ta investizale factors associoed with
NAT prescibing, data wore estraced on
females' age at conoeplian, soooeconomic
deprivation [Townzend Index|®  pre-
conception body mass index [BMIL
and diagnoses of medical conditiors
Inypertension, diabetes, asthma, and
mertal illness, which inclused depressian,
ammiety, hipolar disorer, schizophrenia,
and other pepchoses| during or belae
a5 they are cizsely related b smoking, -
and may influence quit alempis.

Statistical analysis

Overall and arnual proporions of
wegnandes, and pregnancies among
smoders, with cne or more AT
prescriptionss belore, during ard atter
preqnancy were deiermined. There i
no evidence of the ime before and after
pegnancy during which smokers ane
more likely to atiempt to quit, thenfore the
i months belone and afier pregnancy were
used to calcukate prescribing provalence, au
thesewern similar bthe average pregriancy
lenigth, affiowng for comparisons of peniod
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prevalence. As smching behaviours may
Huctuate during a %-month perind, -manth
windows were also assessed dunng and
around pregnarcy. The use cof cifferent
forma of MAT fpaiches, qum, nasal spray,
brenges, sablingual tablets, nhalator
Cartridiges, and oombinabon) was. xsesspd.

Logisic regression was wsed to
oilculate 0fs for associations beteeen
femedes’ characlenistics ard prescritng
of NRT to smokers muring pregrancy,
resiricting fo pregrancies defrered {rom
Jaruary X006, alter relaation of Bconsing
arrangements ¥ Al covaristes resching
statisiical significarce at the 5% el in
unisarisble models were included in the
midianable analyss and each covariabe
was sequentiatly dropped from the modet
to asmess whether it remained statisically
senificant, refaming only these that
were. Same females had more than one

pregnancy dunng the study periad and
{fvere may be pobential clustering of females
within practices; ths was accounted for
by using generalsed estrnating equalions
|GEE} with an mchangeatle carrectsan
structure which prowded best esfmates
of the popilation-ievel 2ssociations with
maiernal characleristics cespite potential
dependence heteeen pregnancy, ihat is
atcountng for clusierod data ¥ Arialses
wore perionmed wsing Stata erson 120

RESULTE
Baseline characheristics
Hetwoen 2001 and 203, 38R 142

pregnancies were idenfifind resufting in
re births. or stillbirths, of which 71485
[TRS%| were in smokers. Mean age af
tenception was 2%.4 years (50 69 Table
1 descrbes females’ charmcierishes for
all pregrancies and pregrandies amang
smokers, and NRT presonbing according 1o
Ihesa Charactenisics.

Patierre of WAT prescrihing in and
around pregrancy

WRT was prescribed in 7551 pregnancies,
which represented 3 presoribing prealonce
of 7% af all pregnarcies and 11% of
pregnances in smekers. In comparsan,
the prescribing prevalence was 1% during
the ¥ months before and after pregnancy
tverall, and 5% in smokers. Figure | shows
it prescribng prevalence i 3-mionth
periods uiside preqnancy and by irmesier
WRT prescribing amang smokers was
mast frequent during the first and second
Irimieshers at just over T, compared vath
2% the thind timesies

Among the pregrances whene MRT
was prescribed, over Falf (55%) had anly
ona prescriphion issued, % had two
presscriptions, and 3P had throe or mome
prescrigtions. The masimum number of
prescriitions Ksupd uring prEgnancy was
4. On awerage, femates were prescribed a
ol of  woeks' werth ol NAT linteruartile
range =1 weeksl. The prescrintion
frequency and length of AT issued in the
¥ meniths before and atier pregnancy was
simitar 1o pregnancy fime.

In tave-thirds. of the pregrancies in which
WRT was presoribed, @ was iniliated anly
during pregrarcy, with no evidence of MAT
prescriting prior o the start of pregnancy.
The most commen form of MRT wsex during
pregnancy was iransdermal pabches 455
of all prescrntions), fafioteed by hatator
cartritges. | 17%), qum [B%), kozenges 6%,
sublingual tablets [7%), cromucosal spray
|0.7%), and rasal spray J1.5%]. Combinatian
WRT was used in 14% of pregrancies where
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MAT was prescrbest, The distrbustion of
MRT forms prescnbed belore and alter
pregnancy W very similar.

Armual prescribing of NAT before, during,
and after pregrancy

Figure I shows the proporen ol
pregrancies between 2001 and 2012 in
which NAT was prescribed befere,
gduring, and afier pregnancy. in 2001,
the prescritng prevalence of MET in all
pregnarcies during gestation was Q00%
[007% of pregriancies amang smokersd This
increased o 24% [11.4% among smokers:
in 2006, afer which i remared siable
The proportion of pregnancies with NAT
prescriptions issued in the ¥ manths belore
and after pregnancy increased wntil 2004,
afierwhich it remained stable at around 1%
[4% amuong smokers| with a oradual decling
in prescribing prevalence aher A0E.

Prescribing of NAT by maternal
tharactenisics

Table ? shows the materral charciensics
assocabed with prescmbing in pregnant
smokershetween Xland 701 2 Presonbang
was ugher in older mompaned with yourger
age groips |OR for =44 years = 117, 5%
£l 10310 1.3, compared with the 25-24-
year agn groupl. Pregnant smokers fram
mere secieconomically deprived grouss
were more bkely 1o recehe prescrigians
comipared with iess deprived groups [OR for
quintile 5 compared with quintle 1 = 1.29,
% Ol = 115 10 145 Pregront smokers
with:a diagnosk of asthma or mental illness
were 1% more liely o be prescobed
companed with pregnant smakers wathut
these morhidities.

DISEUSSION

Summary

biter NAT wes made avadable on NHS
presorption -in 2001, prescriting - and
amund pregnancy increased: by A005
prescribing was Iwice a5 high during
pregriancy as in the ¥ manths immiediately
before ard after prognancy, despte berg
contraindicated dor pregnant femakes. Tha
December 2005 licence melaation w0 allow
prescrbing i pregnancy did nat further
ncrease these: trends and the prescnbing
siable at P& |11% in smokers|. Fermales
with asthma or mental dnesses and
those from mame sccioeconomically-
depmeed ameas wern more Baely o recome

prescrphices during pregnancy. Eighty per
cent of females moswed < prascriptions.

Skrengths and limitations
Usng a lame populabir-based data
sourme, longitudinal and contemporaneous
prescribng  pshimates are  presended
this is the first study of NRT prescnbing
during pregnancy in the UK and the only
shudy internationally that has assessed
prescriong frencs. Ascerlanment of
WAT = is boased on prescribing data
rather than self-reported HAT use, which
females may urder-eport " Prescrbing
n femorth perinds immediately bl
and after pregnarcy was Jisn Esesed,
wheras other studies andy report MRT use
1 trmesiers one and o 42 Therefore,
the present estimates of NRT prsonbing
arund pregnancy ane noel in prodng
papulation-level mlonmation on- smaiarg
cessation atfempts pre-concephon and
postpartum or he first fime.

The presert stugy data caplure all
KAT presonbing fo pregnant lemaks n
UK primary care in practices megisisred
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m THIN. These data may ret include NRT Potential charges in smoking habits
prescriig in other setlings sich as local | were ot accourted for over the study, and
KHE Stop Smoking Services dor Pregnant | therefor this study has sl presenied
fermales {5557 and MRT purchased n | proporons for all pregrandes. Some
pharmacies or mizilers. 4 soney of 2l | females may quil or relapse atter delhey
S55P in England conducied between April | conseouently laadirg b chances i the
10 and Marcn 211 reported that almeost | baselre smokers; MAT estimates could
half of the MRT provided iy these sendces | therefore be  overestimated il mom
was issued ihmugh GPs. % In iorms of self- | femafes relapse than are recorded, and
purchased NRT, the asthors beliewe thiswill | underestimated if more fernales quit. In the
be infrequent for several reasons. Firstly, | present data, howeser, ower 75% of pregrant
the prevalence of medcation wse withoul | lemales who were classfied 25 smokers
health professional consultabion is lower | during pregancy and who had a recording
during pregnarcy than when foralss are | of smeking status within the P maonths after
nat pregant ! Furthermere, all packages | deliery were still recorded a5 smaiers.
of NRT clearly instruct females fo corsult | Therelore, a substartol owerestimation or
a doctor before using them if they are | urderestimation is unlieb:
pregnant. Lastly, in the UK lemales are
entitied 10 free WHS prescriptions dunng | Comparison with existing Gierature
pregrancy < so they are more likely o oet | The preseni stady dala suggesi that UK
free prescriptions through GPsthan pagng | prescnbing of WAT durng pregrancy
for MRT. Hencs, the suthors believe thatthis | increased between 2007 and 2005, afier
sudy captures most prescripions of MRT | whach & plateaved. Despite KAT use being
issued and prowdes waluable information | recommended in smoking  cessaton
On prescriting padtorns during pregnancy. | quidelines for pregnant females in several
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[Memruzs this article

Cordribule and mad comments about
this artcle: wwvehjgporpletiers

countres, W89 no gther shades. thus far
have assessed the annual prescribing
prevalence of MRT during pregrancy for
comparson. Studies rom the S, Denmark,
and Scoffand report an overall prescnbing
prevalence of between (%6 and 43554
NRT use in pregnant smakers ailending
English 5555 & reporied Io be B5%® and
considering that only % of pregnani
femaless ationd {hese senvices, this equates
ta 215%, which & smilar i the prosent
frcigs.

The Mational Irstite dor Heatth and
Care Escellence [NICE| mecommends
thal pregnant iemales shodd nitally be
prescribed 2 wesks of NRT dram ther
agreed siop dae with further MRT after
re-assessment! The average duration ol
presoriptiion for females m the present
siudywas 2 weeks and mast females [B0%)
receded tan o dewer prescripions. One
reasan for the may be that complisnce
wis bw and femaies did nol quit or use
it bo o, in which case no lurther MRT
wits prescribed. Some females may have
baught NRT independently after the frst
prescriplion; however, corsidering thal
fernales are entitled ta free prescripicrs
during pregnancy and HAT from meailers
is measanatly expenshe, this is unikel
Shudies in cther papulatiors have nal
reporied ihe duration ol MAT use in
pregnarcy. Howeasr, B-12weehs e &
recammanded for optimal effectiveness in
the general papulation @ sa it is anlisely
that 3 weks uee & ofiecthe for smoking
cessation in pregrancy.

& stuty inclugding 5716 progrant females
from thie US showsed HRT prescribing (o be
Lesseer ini pregriant smavers aged <35 yoars
compared with pregnant smokers aged
235 years,! which & similar ta the presenl
findings. Low soopecoromic stalus i
associted with @ higher prealence of
chronic diseasr® ard figher risk of adverse
pregnarcy cutcomes, S which could explain
why pregrant smokiers in the deprived
Group in Bis sludy were prescribed AT
more often than affiuent grups. Adhma
ard mental diness ame the most common
meical condiions encountered during
pregnancy,*” and are closely related fo
smkang, which may esplain the signficant
assaciation with NRT prescribing companed

wii olher conaitions.

The Englsh 255Ps study reported thal
5% of all pregnant smokers [45% of
pregrian| MAT users] used combination
NATA which & high compared wih the
present estimate of 6% The is mostly
ligfy relabed o diierent  Daseling
populations. Fernales wohmiarily atiending
these specolst sorvices likely hawe
a hagher mmaoltation 1o quit, which may
result in mone guit aftiompts and moere HAT
attending primary cine.

It & unioriurate that MAT prescrbing
wrealknRe culside precrancy began t
decking considering the cemonsiraled
efiectiveness of MATA however, this may
be miated o the fconsng of sarenicioe
for smoking cessation in the non-pregnant
population in Decemiber 2006, after which 2
recietion in MRT and bopropion presorbarg
was seen in the general population @

Iimiplications for practice

Fregnancy offers a sirateqic opparurity for
hiealth professenas o promote smaling
cessation a5 fernales are perenlly mone
recopine [0 cessation interverfons and
are more Bhely to atiempt 10 quit smolang
tecuse of the polential foetal harm
axmnciatedwilh smaking during pregnance™
The study findings g maighl into Lhe
prescriing in and around pregnancy, vehich
& imporiant far pelicy makers and G5 to
moritor and promole Smoking cessation
i females of chiidbaanng age. The study
showe that NRT was prescribed for an
average of coly 7 weeks curing pregnancy,
which is unlisely b be effoctive considenng
that KET use in the gererat pooulalion for
smoking cezsation is recommended o al
least B-12 weeks. | is dso Highlighted thal
anty 1% of smokers who are not yet pregnant
receve - MAT, which ndicates missed
apporiunities o assistyoung fermales (oo,
despite the reported effechiveness of WRT
outsrte pregrancy: Althaugh interactions
between heallh professionals and femnales
during pregrancy should be used bo discusc
and offer irfersnfions io promole smaling
cessabion, grester polenial benefit would
result fram starting bedone pregnancy vhich
shauld be a prioritised focus for femnales
and healithcan prividers.

Brviah o f Bersarad Prachcs, s..pn..m.-:m}.m
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10.5 MEDICAL READ CODES FOR

8B3Y.00

Over the counter nicotine replacement
therapy

745H200 Nicotine replacement therapy using
SMOKING nicotine inhalator
1373.00 Cigar smoker
Medcode | Description 67A3.00 Pregnancy smoking advice
137L.00 Current non-smoker 137R.00 Current smoker
1371.11 Non-smoker ZV6D800 [V]Tobacco abuse counselling
63C5.00 Maternal tobacco abuse 8BP3.00 Nicotine replacement therapy provided
- - by community pharmacis
137a.00 Pipe tobacco consumption E251100 Tobacco dependence, continuous
137..00 Tobacco consumption 8B3f.00 Nicotine replacement therapy provided
137X.00 Cigarette consumption free
8B2B.00 Nicotine replacement therapy
6893.00 Tobacco usage screen
g 8I121.00 Nicotine replacement therapy
68T..00 Tobacco usage screen contraindicated
13p0.00 Negotiated date for cessation of smoking
137Y.00 Cigar consumption
ZRaM.11 MFS - Motives for smoking scale
1372.00 Tobacco consumption NOS
8HkQ.00 Referral to NHS stop smoking service
ZV4K000 [V]Tobacco use
ZRao.11 OFS - Occasions for smoking scale
745H000 Nicotine replacement therapy using
nicotine patches 67H6.00 Brief intervention for smoking cessation
8H7i.00 Referral to smoking cessation advisor )ZRa0.00 o - 7 i I
ao. ccasions for smoking scale
6791.00 Health ed. - smokin
g 8CAL.00 Smoking cessation advice
E251.00 Tobacco dependence 3711 Sroker —amount smoked
137Q.00 Smoking started T3P 11 Smok
. moker
137H.00 Pipe smoker
P ZRBm200 Fagerstrom test for nicotine dependence
137M.00 Rolls own cigarettes 137700 Srroki Joced
. moking reduce
1372.11 Occasional smoker
137C.00 Keeps trying to stop smoking
137h.00 Minutes from waking to first tobacco 1355000 Practice based smoking cessation
consumption
137¢.00 Thinking about stopping smoking SRAA00 g;‘;‘-qs:)an"s"f';er zf'ﬁgtk?nagtescale
E251200 Tobacco dependence, episodic 137500 Trivial . 1ca/d
. rivial smoker - < 1 cig/day
137d.00 Not interested in stopping smoking 8IAj.00 Smoking cessation advice declined
E251z00 Tobacco dependence NOS
P 745H300 Nicotine replacement therapy using
745H100 Nicotine replacement therapy using nicotine lozenges
nicotine gum 137m.00 Failed attempt to stop smoking
1374.00 Moderate smoker - 10-19 cigs/d 37600 Very heavy smoker - 40+ cigs/d
8HTK.00 Referral to stop-smoking clinic 137011 Srrok rted
. moking restarte
9007.00 Stop smoking monitor verb.inv. T375.00 B n k
. igarette smoker
137f.00 Reason for restarting smoking ZRAM.00 Mot z = I
aM. otives for smoking scale
ZRBm211 FTND - Fagerstrom test for nicotine - -
dependence ZG23300 Advice on smoking
8139.00 Nicotine replacement therapy refused 9008.00 Stop smoking monitor phone inv
137b.00 Ready to stop smoking ZRh4.11 RFS - Reasons for smoking scale
137e.00 Smoking restarted 137G.00 Trying to give up smoking
745Hy00 Other specified smoking cessation 67H1.00 Lifestyle advice regarding smoking
therapy ’
8CAg.00 Smoking cessation advice provided by 745H400 Smoking cessation drug therapy
community pharmacist
1373.00 Light smoker - 1-9 cigs/day 1375.00 Heavy smoker - 20-39 cigs/day
13p5.00 Smoking cessation programme start ZRao.00 Occasions for smoking scale
date
38DH.00 Fagerstr test for nicotine dep E251300 Tobacco dependence in remission
E251000 Tobacco dependence, unspecified 1378.00 Ex-light smoker (1-9/day)
137A.00 Ex-heavy smoker (20-39/day)
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137S.00

Ex smoker

10.6 MULTILEX DRUG CODES FOR

SMOKING CESSATION

MEDICATIONS

Drugcode Generic name

92309998 | BUPROPION mr tab 150mg

92311998 | BUPROPION mr tab 150mg

93447992 | NICONIL

96930992 | NICONIL PATCH 15 MG

96924992 | NICONIL PATCH 30 MG

83326998 | NICOTINE BITARTRATE sf loz 1mg

82527998 | NICOTINE BITARTRATE sf loz 1mg

87922998 | NICOTINE BITARTRATE sf loz 2mg

82526998 | NICOTINE BITARTRATE sf loz 2mg

82603998 | NICOTINE BITARTRATE sublingual tab
2mg

82604998 | NICOTINE BITARTRATE sublingual tab
2mg

96845992 | NICOTINE TRANSDERMAL PATCH 20CM

96844992 | NICOTINE TRANSDERMAL PATCH 30CM

82473998 | NICOTINE chewing gum 2mg

82506998 | NICOTINE chewing gum 2mg

89112998 | NICOTINE chewing gum 2mg

82502998 | NICOTINE chewing gum 2mg

82475998 | NICOTINE chewing gum 2mg

95727998 | NICOTINE chewing gum 2mg

82504998 | NICOTINE chewing gum 2mg

98904998 | NICOTINE chewing gum 2mg

82476998 | NICOTINE chewing gum 2mg

82503998 | NICOTINE chewing gum 2mg

91248998 | NICOTINE chewing gum 2mg

82505998 | NICOTINE chewing gum 2mg

82474998 | NICOTINE chewing gum 2mg

82498998 | NICOTINE chewing gum 4mg

82472998 | NICOTINE chewing gum 4mg

82469998 | NICOTINE chewing gum 4mg

82499998 | NICOTINE chewing gum 4mg

82497998 | NICOTINE chewing gum 4mg

95727997 | NICOTINE chewing gum 4mg

91248997 | NICOTINE chewing gum 4mg

82496998 | NICOTINE chewing gum 4mg

98904997 | NICOTINE chewing gum 4mg

1371.00 Ex roll-up cigarette smoker

137j.00 Ex-cigarette smoker

1379.00 Ex-moderate smoker (10-19/day)

137N.00 Ex pipe smoker

137B.00 Ex-very heavy smoker (40+/day)

137K.00 Stopped smoking

1377.00 Ex-trivial smoker (<1/day)

137T.00 Date ceased smoking

137F.00 Ex-smoker - amount unknown

137K000 Recently stopped smoking

1370.00 Ex cigar smoker

1371.00 Never smoked tobacco

13p4.00 Smoking free weeks

9N4M.00 DNA - Did not attend smoking cessation
clinic

9005.00 Stop smoking monitor 2nd lettr

13p2.00 Smoking status between 4 and 52 weeks

9003.00 Stop smoking monitor default

900A.00 Stop smoking monitor.chck done

900..12 Stop smoking monitoring admin.

E023.00 Nicotine withdrawal

ZV11600 [V]Personal history of tobacco abuse

13p6.00 Carbon monoxide reading at 4 weeks

900Z.00 Stop smoking monitor admin.NOS

13p..00 Smoking cessation milestones

137g.00 Cigarette pack-years

900..11 Stop smoking clinic admin.

9001.00 Attends stop smoking monitor.

13p3.00 Smoking status at 52 weeks

9N2k.00 Seen by smoking cessation advisor

9006.00 Stop smoking monitor 3rd lettr

9002.00 Refuses stop smoking monitor

900..00 Anti-smoking monitoring admin.

4190.00 Expired carbon monoxide concentration

8HBM.00 Stop smoking face to face follow-up

745H.00 Smoking cessation therapy

745Hz00 Smoking cessation therapy NOS

137D.00 Admitted tobacco cons untrue ?

13p1.00 Smoking status at 4 weeks

9004.00 Stop smoking monitor 1st lettr

137E.00 Tobacco consumption unknown

9009.00 Stop smoking monitoring delete

82470998 | NICOTINE chewing gum 4mg

82471998 | NICOTINE chewing gum 4mg

89110998 | NICOTINE chewing gum 4mg

82501998 | NICOTINE chewing gum 4mg
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88291998 | NICOTINE inh cartridge 10mg 82723998 | NICOTINE patch 7mg

88288998 | NICOTINE inh cartridge 10mg 97673998 | NICOTINE patch 7mg

89863998 | NICOTINE loz 0.35mg 97740998 | NICOTINE patch 7mg

92840997 | NICOTINE loz 0.35mg 82511998 | NICOTINE patch 7mg

92840998 | NICOTINE mint flav chew gum 2mg 84469998 | NICOTINE patch 7mg

92841998 | NICOTINE mint flav chew gum 2mg 97737998 | NICOTINE patch 7mg

95727996 | NICOTINE mint flav chew gum 4mg 82512998 | NICOTINE patch 7mg

98904996 | NICOTINE mint flav chew gum 4mg 88005998 | NICOTINE patch 7mg

82490998 | NICOTINE nasal spray 10mg/ml 82429998 | NICOTINE patch+gum 15mg + 2mg
92657998 | NICOTINE nasal spray 10mg/ml 82428998 | NICOTINE patch+gum 15mg + 2mg
92836998 | NICOTINE nasal spray 10mg/ml 84442998 | NICOTINE sf loz 1.5mg

83272998 | NICOTINE patch 10mg 84443998 | NICOTINE sf loz 1.5mg

97739997 | NICOTINE patch 10mg 81928998 | NICOTINE sf loz 1.5mg

82494998 | NICOTINE patch 10mg 82707998 | NICOTINE sf loz 1.5mg

97763997 | NICOTINE patch 10mg 91248996 | NICOTINE sf loz 1mg

98581997 | NICOTINE patch 11mg/24 hr 98430998 | NICOTINE sf loz 1mg

92892997 | NICOTINE patch 11mg/24 hr 91162998 | NICOTINE sf loz 2mg

97673997 | NICOTINE patch 14mg 92889990 | NICOTINE sf loz 2mg

82510998 | NICOTINE patch 14mg 87920998 | NICOTINE sf loz 2mg

82771998 | NICOTINE patch 14mg 91384998 | NICOTINE sf loz 2mg

88005997 | NICOTINE patch 14mg 83301998 | NICOTINE sf loz 4mg

82509998 | NICOTINE patch 14mg 82706998 | NICOTINE sf loz 4mg

97737997 | NICOTINE patch 14mg 87919998 | NICOTINE sf loz 4mg

97740997 | NICOTINE patch 14mg 92888990 | NICOTINE sf loz 4mg

84468998 | NICOTINE patch 14mg 98082998 | NICOTINE sf loz 4mg

97763996 | NICOTINE patch 15mg 91848998 | NICOTINE sf loz 4mg

83271998 | NICOTINE patch 15mg 92840996 | NICOTINE sublingual tab 2mg
82492998 | NICOTINE patch 15mg 82500998 | NICOTINE sublingual tab 2mg
97739996 | NICOTINE patch 15mg 92841997 | NICOTINE sublingual tab 2mg
82770998 | NICOTINE patch 21mg 85397998 | VARENICLINE tabs 1mg

97737996 | NICOTINE patch 21mg 85400998 | VARENICLINE tabs 1mg

84466998 | NICOTINE patch 21mg 85401998 | VARENICLINE tabs 500 micrograms
88005996 | NICOTINE patch 21mg 85398998 | VARENICLINE tabs 500 micrograms
82508998 | NICOTINE patch 21mg 85403998 | VARENICLINE tabs 500micrograms +
82507998 | NICOTINE patch 21mg 85399998 \I/TSENICLINE tabs 500micrograms +
97673996 | NICOTINE patch 21mg 1mg

97740996 | NICOTINE patch 21mg

98581998 | NICOTINE patch 22mg/24 hr

92892998 | NICOTINE patch 22mg/24 hr

83270998 | NICOTINE patch 25mg 10.7 AHD CODES FOR SMOKING
83273998 | NICOTINE patch 25mg Ahd code | Description

97763998 | NICOTINE patch 5mg 1003040000 | Smoking

97739998 | NICOTINE patch 5mg 1064100000 | Advice given

82495998 | NICOTINE patch 5mg
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10.8 CODE LISTS FOR
COMORBIDITIES
10.8.1Medical READ codes for

Diabetes Mellitus

C10E612

Insulin dependent diabetes mellitus
with gangrene

Medcode Description

C101000 Diabetes mellitus, juvenile type, with
ketoacidosis

C108311 Type I diabetes mellitus with multiple
complications

C108600 Insulin dependent diabetes mellitus
with gangrene

C10E311 Type I diabetes mellitus with multiple
complications

C108112 Type 1 diabetes mellitus with
ophthalmic complications

C108300 Insulin dependent diabetes mellitus
with multiple complicatn

C108F11 Type I diabetes mellitus with diabetic
cataract

C108E00 Insulin dependent diabetes mellitus
with hypoglycaemic coma

C108012 Type 1 diabetes mellitus with renal
complications

C10EJ11 Type I diabetes mellitus with
neuropathic arthropathy

C108912 Type 1 diabetes mellitus maturity onset

C10E800 Type 1 diabetes mellitus - poor control

C10EMO00 Type 1 diabetes mellitus with
ketoacidosis

C10E700 Type 1 diabetes mellitus with
retinopathy

C108D00 Insulin dependent diabetes mellitus
with nephropathy

C10EHOO0 Type 1 diabetes mellitus with
arthropathy

C10EA00 Type 1 diabetes mellitus without
complication

C107000 Diabetes mellitus, juvenile +peripheral
circulatory disorder

C101y00 Other specified diabetes mellitus with
ketoacidosis

C100011 Insulin dependent diabetes mellitus

C108.00 Insulin dependent diabetes mellitus

C108F12 Type 1 diabetes mellitus with diabetic
cataract

C10EA12 Insulin-dependent diabetes without
complication

C10EB11 Type I diabetes mellitus with
mononeuropathy

C10EP11 Type I diabetes mellitus with exudative
maculopathy

C108512 Type 1 diabetes mellitus with ulcer

C108D12 Type 1 diabetes mellitus with

nephropathy

C101.00 Diabetes mellitus with ketoacidosis

C108C12 Type 1 diabetes mellitus with
polyneuropathy

C102.00 Diabetes mellitus with hyperosmolar
coma

C10C.00 Diabetes mellitus autosomal dominant

C10E712 Insulin dependent diabetes mellitus
with retinopathy

C108100 Insulin-dependent diabetes mellitus
with ophthalmic comps

C108312 Type 1 diabetes mellitus with multiple
complications

C108411 Unstable type I diabetes mellitus

C108.13 Type I diabetes mellitus

C10ED11 Type I diabetes mellitus with
nephropathy

C108111 Type I diabetes mellitus with
ophthalmic complications

C108712 Type 1 diabetes mellitus with
retinopathy

C108F00 Insulin dependent diabetes mellitus
with diabetic cataract

C108H12 Type 1 diabetes mellitus with
arthropathy

C108A11 Type I diabetes mellitus without
complication

C108000 Insulin-dependent diabetes mellitus
with renal complications

C108B00 Insulin dependent diabetes mellitus
with mononeuropathy

C108C00 Insulin dependent diabetes mellitus
with polyneuropathy

C108C11 Type I diabetes mellitus with
polyneuropathy

K081.00 Nephrogenic diabetes insipidus

C10E211 Type I diabetes mellitus with
neurological complications

C10EPOO Type 1 diabetes mellitus with exudative
maculopathy

C10EK11 Type I diabetes mellitus with persistent
proteinuria

C10ECO00 Type 1 diabetes mellitus with
polyneuropathy

C10E412 Unstable insulin dependent diabetes
mellitus

C10EN11 Type I diabetes mellitus with
ketoacidotic coma

C10EB12 Insulin dependent diabetes mellitus
with mononeuropathy

C10E212 Insulin-dependent diabetes mellitus
with neurological comps

C108812 Type 1 diabetes mellitus - poor control

C108G11 Type I diabetes mellitus with peripheral
angiopathy

C10EEQ0 Type 1 diabetes mellitus with
hypoglycaemic coma

C108J12 Type 1 diabetes mellitus with
neuropathic arthropathy

C10E511 Type I diabetes mellitus with ulcer

C10E.12 Insulin dependent diabetes mellitus

C108500 Insulin dependent diabetes mellitus
with ulcer

C108E12 Type 1 diabetes mellitus with
hypoglycaemic coma

C108212 Type 1 diabetes mellitus with
neurological complications

C10EC12 Insulin dependent diabetes mellitus
with polyneuropathy

C108911 Type I diabetes mellitus maturity onset

C108B12 Type 1 diabetes mellitus with
mononeuropathy

C108E11 Type I diabetes mellitus with
hypoglycaemic coma

C10E300 Type 1 diabetes mellitus with multiple
complications

C10E600 Type 1 diabetes mellitus with gangrene

C108700 Insulin dependent diabetes mellitus

with retinopathy
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C10z000 Diabetes mellitus, juvenile type, + C10EE11 Type I diabetes mellitus with
unspecified complication hypoglycaemic coma
C108800 Insulin dependent diabetes mellitus - C108G12 Type 1 diabetes mellitus with peripheral
poor control angiopathy
C10E200 Type 1 diabetes mellitus with C10EF12 Insulin dependent diabetes mellitus
neurological complications with diabetic cataract
C10E112 Insulin-dependent diabetes mellitus C10EDOO Type 1 diabetes mellitus with
with ophthalmic comps nephropathy
C108900 Insulin dependent diabetes maturity C10EL11 Type I diabetes mellitus with persistent
onset microalbuminuria
C10EO11 Type I diabetes mellitus with renal C10EC11 Type I diabetes mellitus with
complications polyneuropathy
ZRbH.00 Perceived control of insulin-dependent C104000 Diabetes mellitus, juvenile type, with
diabetes renal manifestation
C10EH12 Insulin dependent diabetes mellitus C10ED12 Insulin dependent diabetes mellitus
with arthropathy with nephropathy
C10E400 Unstable type 1 diabetes mellitus C10E411 Unstable type I diabetes mellitus
C10E.11 Type I diabetes mellitus C108611 Type I diabetes mellitus with gangrene
C10E611 Type I diabetes mellitus with gangrene C10E711 Type I diabetes mellitus with
retinopathy
ZC2C900 Dietary advice for type I diabetes C10EBOO Type 1 diabetes mellitus with
- - - mononeuropathy
C108200 In_sulln—depen;:lent diabetes mellitus C1O0EALL Type I diabetes mellitus with
with neurological comps arthropathy
C10E812 Lgf)‘i"cnogfr%‘?”de"t diabetes mellitus - CI0EGIL | Type I diabetes mellitus with peripheral
- - - angiopathy
C108D11 ;égﬁrlogftzites mellitus with C10G000 Sgcondary pancre_atic diabetes mellitus
C10EKOO Type _1 dif'abetes mellitus with persistent 66AN.00 g;;ﬁi:é;i%i“;a:g?ew
proteinuria
C108H00 Insulin dependent diabetes mellitus C10E312 Insulin dependent diabetes mellitus
with arthropathy with multiple complicat
C108811 Type I diabetes mellitus - poor control C10EF00 Type 1 diabetes mellitus with diabetic
- - - cataract
C10EQOO Type 1 dlab_etes mellitus with C108.12 Type 1 diabetes mellitus
gastroparesis
C10E111 Type I diabetes mellitus with C10G.00 Secondary pancreatic diabetes mellitus
ophthalmic complications
C10ELOO Type 1 diabetes mellitus with persistent C10EJ00 Type 1 diabetes mellitus with
microalbuminuria neuropathic arthropathy
C10EE12 Insulin dependent diabetes mellitus C10E512 Insulin dependent diabetes mellitus
with hypoglycaemic coma with ulcer
C108211 Type I diabetes mellitus with C108H11 Type I diabetes mellitus with
neurological complications arthropathy
C108.11 IDDM-Insulin dependent diabetes C108400 Unstable insulin dependent diabetes
mellitus mellitus
C10E100 Type 1 diabetes mellitus with C10EM11 Type I diabetes mellitus with
ophthalmic complications ketoacidosis
C108A12 Type 1 diabetes mellitus without C10ENOO Type 1 diabetes mellitus with
complication ketoacidotic coma
C10EO012 Insulin-dependent diabetes mellitus C10E.00 Type 1 diabetes mellitus
with renal complications
C106000 Diabetes mellitus, juvenile, + C€105000 Diabetes mellitus, juvenile type, +
neurological manifestation ophthalmic manifestation
C10FS00 Maternally inherited diabetes mellitus C101z00 Diabetes mellitus NOS with ketoacidosis
C10E911 Type I diabetes mellitus maturity onset C10y000 Diabetes mellitus, juvenile, + other
specified manifestation
C108711 Type I diabetes mellitus with C10EGO00 Type 1 diabetes mellitus with peripheral
retinopathy angiopathy
C108111 Type I diabetes mellitus with C10E900 Type 1 diabetes mellitus maturity onset
neuropathic arthropathy
C108511 Type I diabetes mellitus with ulcer C108412 Unstable type 1 diabetes mellitus
C101100 Diabetes mellitus, adult onset, with C108B11 Type I diabetes mellitus with
ketoacidosis mononeuropathy
C10EA11l Type I diabetes mellitus without ZC2C911 Diet advice for insulin-dependent
complication diabetes
C10E811 Type I diabetes mellitus - poor control C108A00 Insulin-dependent diabetes without
complication
C108011 Type I diabetes mellitus with renal C10E500 Type 1 diabetes mellitus with ulcer
complications
C10E912 Insulin dependent diabetes maturity C108612 Type 1 diabetes mellitus with gangrene
onset - - - - -
C10E000 Type 1 diabetes mellitus with renal C102000 Diabetes mellitus, juvenile type, with
complications hype_rosm_olar coma - -
CIO0EF11 | Type I diabetes mellitus with diabetic 109700 [\'gg;':i‘;'r'lgrgfpe”de”t diabetes mellitus
cataract C109300 Non-insulin-dependent diabetes mellitus

with multiple comps
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C10FF11 Type II diabetes mellitus with
peripheral angiopathy

C104100 Diabetes mellitus, adult onset, with
renal manifestation

C109E11 Type II diabetes mellitus with diabetic
cataract

C109111 Type II diabetes mellitus with
ophthalmic complications

C109411 Type II diabetes mellitus with ulcer

C109E12 Type 2 diabetes mellitus with diabetic
cataract

C10EROO Latent autoimmune diabetes mellitus in
adult

C10F111 Type II diabetes mellitus with
ophthalmic complications

C109312 Type 2 diabetes mellitus with multiple
complications

C10F611 Type II diabetes mellitus with
retinopathy

C10F211 Type II diabetes mellitus with
neurological complications

C10FP0OO Type 2 diabetes mellitus with
ketoacidotic coma

C109H11 Type II diabetes mellitus with
neuropathic arthropathy

C109C11 Type II diabetes mellitus with
nephropathy

C109900 Non-insulin-dependent diabetes mellitus
without complication

ZC2CA11 Dietary advice non-insulin-dependent
diabetes

C105100 Diabetes mellitus, adult onset, +
ophthalmic manifestation

C109C00 Non-insulin dependent diabetes mellitus
with nephropathy

C10F600 Type 2 diabetes mellitus with
retinopathy

C109A11 Type II diabetes mellitus with
mononeuropathy

C10F011 Type II diabetes mellitus with renal
complications

C100112 Non-insulin dependent diabetes mellitus

C109200 Non-insulin-dependent diabetes mellitus
with neuro comps

C10FQO00 Type 2 diabetes mellitus with exudative
maculopathy

C10F400 Type 2 diabetes mellitus with ulcer

C10FL11 Type II diabetes mellitus with persistent
proteinuria

C109712 Type 2 diabetes mellitus - poor control

C109B00 Non-insulin dependent diabetes mellitus
with polyneuropathy

C10FE11 Type II diabetes mellitus with diabetic
cataract

C109100 Non-insulin-dependent diabetes mellitus
with ophthalm comps

C109112 Type 2 diabetes mellitus with
ophthalmic complications

C10F100 Type 2 diabetes mellitus with
ophthalmic complications

C10FGO00 Type 2 diabetes mellitus with
arthropathy

C100111 Maturity onset diabetes

C10FM11 Type II diabetes mellitus with persistent
microalbuminuria

C10FROO Type 2 diabetes mellitus with
gastroparesis

C109212 Type 2 diabetes mellitus with
neurological complications

C109612 Type 2 diabetes mellitus with
retinopathy

C10F511 Type II diabetes mellitus with gangrene

C109G12 Type 2 diabetes mellitus with

arthropathy

C107200 Diabetes mellitus, adult with gangrene

C109400 Non-insulin dependent diabetes mellitus
with ulcer

C109F12 Type 2 diabetes mellitus with peripheral
angiopathy

C10C.11 Maturity onset diabetes in youth

C1093]00 Insulin treated Type 2 diabetes mellitus

C109.11 NIDDM - Non-insulin dependent
diabetes mellitus

C109E00 Non-insulin depend diabetes mellitus
with diabetic cataract

C109511 Type II diabetes mellitus with gangrene

C10FK00 Hyperosmolar non-ketotic state in type
2 diabetes mellitus

C10FF00 Type 2 diabetes mellitus with peripheral
angiopathy

C109.13 Type 1I diabetes mellitus

C109600 Non-insulin-dependent diabetes mellitus
with retinopathy

C109G00 Non-insulin dependent diabetes mellitus
with arthropathy

C109012 Type 2 diabetes mellitus with renal
complications

C10F911 Type II diabetes mellitus without
complication

C107100 Diabetes mellitus, adult, + peripheral
circulatory disorder

C109D00 Non-insulin dependent diabetes mellitus
with hypoglyca coma

C109000 Non-insulin-dependent diabetes mellitus
with renal comps

C10F500 Type 2 diabetes mellitus with gangrene

66A0.00 Diabetes type 2 review

C109D12 Type 2 diabetes mellitus with
hypoglycaemic coma

C109412 Type 2 diabetes mellitus with ulcer

C10FQ11 Type II diabetes mellitus with exudative
maculopathy

C10FG11 Type II diabetes mellitus with
arthropathy

C10F900 Type 2 diabetes mellitus without
complication

C109.12 Type 2 diabetes mellitus

C109.00 Non-insulin dependent diabetes mellitus

C10FNOO Type 2 diabetes mellitus with
ketoacidosis

C10FHOO Type 2 diabetes mellitus with
neuropathic arthropathy

C109G11 Type II diabetes mellitus with
arthropathy

C109500 Non-insulin dependent diabetes mellitus
with gangrene

C10FCO00 Type 2 diabetes mellitus with
nephropathy

C10F.11 Type II diabetes mellitus

C10F711 Type 1I diabetes mellitus - poor control

C10F300 Type 2 diabetes mellitus with multiple
complications

C10FEOO Type 2 diabetes mellitus with diabetic
cataract

C10F311 Type II diabetes mellitus with multiple
complications

C106100 Diabetes mellitus, adult onset, +
neurological manifestation

C10D.11 Maturity onset diabetes in youth type 2

C10z100 Diabetes mellitus, adult onset, +
unspecified complication

C109J11 Insulin treated non-insulin dependent

diabetes mellitus
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C109112 Insulin treated Type II diabetes mellitus C10FP11 Type II diabetes mellitus with
ketoacidotic coma
C10F000 Type 2 diabetes mellitus with renal C106.13 Diabetes mellitus with polyneuropathy
complications
ZC2CA00 Dietary advice for type II diabetes C10NO00O0 Secondary diabetes mellitus without
complication
C10y100 Diabetes mellitus, adult, + other €100.00 Diabetes mellitus with no mention of
specified manifestation complication
C109211 Type II diabetes mellitus with €107200 Diabetes mellitus NOS with peripheral
neurological complications circulatory disorder
C109C12 | Type 2 diabetes mellitus with €102z00 Diabetes mellitus NOS with unspecified
nephropathy complication
C10FMO0 Type 2 diabetes mellitus with persistent 2G5C.00 Foot abnormality - diabetes related
microalbuminuria
C109F11 Type II diabetes mellitus with 66AJ100 Brittle diabetes
peripheral angiopathy
C109912 Type 2 diabetes mellitus without 8184.00 Did not complete XPERT diabetes
complication structured education program
C10C.12 Maturity onset diabetes in youth type 1 L180100 Diabetes mellitus during pregnancy -
baby delivered
C10D.00 Diabetes mellitus autosomal dominant 90LL.00 XPERT diabetes structured education
type 2 programme completed
C109512 Type 2 diabetes mellitus with gangrene 66AQ.00 Diabetes: shared care programme
C109A00 Non-insulin dependent diabetes mellitus C350011 Bronzed diabetes
with mononeuropathy
C109611 Type II diabetes mellitus with C10N100 Cystic fibrosis related diabetes mellitus
retinopathy - - —
C10FN11 Type II diabetes mellitus with R Attending diabetes clinic
ketoacidosis C103000 | Diabetes meliitus, juvenile type, with
C109B12 Type 2 diabetes mellitus with ketoacidotic coma
polyneuropathy 2G51100 Foot abnormality - non-diabetes
C109H12 Type 2 diabetes mellitus with
neuropathic arthropathy 2G5D.00 Foot abnormality - non-diabetes
C10FH11 Type II diabetes mellitus with
neuropathic arthropathy 90LZ.00 Diabetes monitoring admin.NOS
O D st~ mellitus without [180200 | Diabetes mellitus in puerperium - baby
C10FD11 Type II diabetes mellitus with delivered _
hypoglycaemic coma 8CR2.00 Diabetes clinical management plan
C10FA1l | Type II diabetes mellitus with C105y00 | Other specified diabetes mellitus with
mononeu.ropathy - - ophthalmic complicatn
C10F411 Type II diabetes mellitus with ulcer SNID.0O Did not attend DESMOND diabetes
C109711 Type II diabetes mellitus - poor control structured educa.tlon program -
9h41.00 Excepted from diabetes qual indicators:
C109B11 Type II diabetes mellitus with Patient unsuitable
polyneuropathy 679L.00 Health education - diabetes
C109K00 Hyperosmolar non-ketotic state in type - -
2 diabetes mellitus 8182.00 Did not complete _DAFNE diabetes
CIOFBI1 | Type II diabetes mellitus with structured education program
polyneuropathy 918T.00 Diabetes key contact
C10F200 Type 2 diabetes mellitus with 5126300 Diabetes resolved
neurological complications
C109D11 Type II diabetes mellitus with C104y00 Other specified diabetes mellitus with
hypoglycaemic coma renal complications
C10F.00 Type 2 diabetes mellitus 90L1.00 Attends diabetes monitoring
C109311 Type II diabetes mellitus with multiple 90L2.00 Refuses diabetes monitoring
complications
C10FJ00 Insulin treated Type 2 diabetes mellitus 8H4e.00 Referral to diabetes special interest
general practitioner
C10FLOO Type 2 diabetes mellitus with persistent 9NON.00 Seen in community diabetes specialist
proteinuria clinic
C109A12 Type 2 diabetes mellitus with 8Hj5.00 Referral to XPERT diabetes structured
mononeuropathy education programme
C10FDO0 Type 2 diabetes mellitus with 8H7f.00 Referral to diabetes nurse
hypoglycaemic coma
C10FB0OO Type 2 diabetes mellitus with 8Hj0.00 Referral to diabetes structured
polyneuropathy education programme
C109011 Type II diabetes mellitus with renal 90L7.00 Diabetes monitor.verbal invite
complications - -
C10FAO0 | Type 2 diabetes mellitus with ZRBa.00 Education score - diabetes
mononeuropathy - - -
CLOFC11 | Type II diabetes mellitus with 66AP.00 Diabetes: practice programme
nephropathy 90LB.00 Attended diabetes structured education
C10FJ11 Insulin treated Type II diabetes mellitus programme
ZC2C800 Dietary advice for diabetes mellitus SOLF.00 E:zg:?:r:gigt;ﬁgtsgucatlon
C10F700 Type 2 diabetes mellitus - poor control 90L3.00 Diabetes monitoring default

288




90L9.00 Diabetes monitoring deleted 8HI4.00 Referral to community diabetes
_ _ specialist nurse
8HTe.00 Referral to diabetes preconception C104z00 Diabetes mellitis with nephropathy NOS
counselling clinic
Z162500 Referral to diabetes nurse 90L5.00 Diabetes monitoring 2nd letter
8Hj3.00 Referral to DAFNE diabetes structured F372.00 Polyneuropathy in diabetes
education programme — - - -
8183.00 Did not complete DESMOND diabetes Cyu2300 [X]Unspemﬁ_ed _dlabetes mellitus with
structured educat program renal complications N
€100100 Diabetes mellitus, adult onset, no 3882.00 Diabetes well being questionnaire
mention of complication - - - —
C107.00 Diabetes mellitus with peripheral C10y.00 a‘:gﬁ;esia?sg'tus with other specified
circulatory disorde
ired ry disorcer C10..00 Diabetes mellitus
8181.00 Did not complete diabetes structured
i education programme 7276.00 Pan retinal photocoagulation for
8Hj1.00 Family/carer referral to diabetes diabetes
structured education prog 90LJ.00 DAFNE diabetes structured education
C100000 Diabetes mellitus, juvenile type, no programme completed
mention of compllcathn ZRB6.00 Diabetes wellbeing questionnaire
66AU.00 Diabetes care by hospital only
. . . C106y00 Other specified diabetes mellitus with
L180000 Diabetes mellitus - unspec whether in neurological comps
pregnancy/puerperium_ i C10M000 Lipoatrophic diabetes mellitus without
9M00.00 Informed consent for diabetes national complication
i audit i 3883.00 Diabetes treatment satisfaction
9NIE.00 Did not attend XPERT diabetes questionnaire
structured education programme 8CS0.00 Diabetes care plan agreed
C106.00 Diabetes mellitus with neurological
manifestation C103.00 Diabetes mellitus with ketoacidotic
C104.00 Diabetes mellitus with renal coma
manifestation C108y00 Other specified diabetes mellitus with
C103z00 Diabetes mellitus NOS with ketoacidotic multiple comps
coma 2BBF.00 Retinal abnormality - diabetes related
90L..00 Diabetes monitoring admin.
C314.11 Renal diabetes
C105.00 Diabetes mellitus with ophthalmic
manifestation 90L6.00 Diabetes monitoring 3rd letter
Cyu2.00 [X]Diabetes mellitus 66A).11 Unstable diabetes
90LC.00 Family/carer attended diabetes - - —
structured education prog 90L8.00 Diabetes monitor.phone invite
L180.00 Diabetes mellitus during i C10yy00 Other specified diabetes mellitus with
pregnancy/childbirth/puerperium other spec comps
212H.00 Diabetes resolved ZRB4.00 Diabetes clinic satisfaction
C135.00 Diabetes insipidus guestionnaire
F171100 Autonomic neuropathy due to diabetes
C106z00 Diabetes mellitus NOS with neurological - - .
manifestation ZRB5.11 DTSQ_ - Dla_betes treatment satisfaction
C106.12 Diabetes mellitus with neuropathy 8B3L.00 qDliJaetfetzltZ[;n;Zilication v
C107.12 Diabetes with gangrene - -
90LA.11 Diabetes monitored
90LG.00 Attended XPERT diabetes structured - —
education programme 9NN9.00 Under care of diabetes specialist nurse
90LH.00 Attended DAFNE diabetes structured 9NiA.00 Did not attend diabetes structured
education programme education programme
3881.00 Education score - diabetes C135.12 Diabetes insipidus - pituitary
66A8.00 Has seen dietician - diabetes R102.11 [D]Prediabetes
90L4.00 Diabetes monitoring 1st letter K01x100 Nephrotic syndrome in diabetes mellitus
Kyu0300 [X]Glomerular disorders in diabetes 102200 Diabetes mellitus NOS with
mellitus — - - - hyperosmolar coma
C103y00 Other specified diabetes mellitus with 66AX.00 Diabetes: shared care in pregnancy -
coma — - diabetol and obstet
9NI4.00 Seen by general practitioner special 9h4..00 Exception reporting: diabetes quality
interest in diabetes indicators
C10yz00 Diabetes mellitus NOS with other L180400 Diabetes mellitus in pueperium - baby
specified manifestation previously delivered
C10z.00 Diabetes mellitus with unspecified ZRB5.00 Diabetes treatment satisfaction
complication i questionnaire
C103100 Diabetes mellitus, adult onset, with 8Hj4.00 Referral to DESMOND diabetes
ketoacidotic coma i structured education programme
90LM.00 Diabetes structured education 90LA.00 Diabetes monitor. check done
programme declined
C108z00 Unspecified diabetes mellitus with Z\V65312 [V]Dietary counselling in diabetes
multiple complications mellitus
8Hg4.00 Discharged from care of diabetes ZRB6.11 DWBQ - Diabetes wellbeing

specialist nurse

questionnaire
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679R.00 Patient offered diabetes structured C10A100 Malnutrition-related diabetes mellitus
education programme with ketoacidosis
90LK.00 DESMOND diabetes structured C10A000 Malnutrition-related diabetes mellitus
education programme completed with coma
C10N.00 Secondary diabetes mellitus C10A500 Malnutritn-relat diabetes melitus wth
_ _ periph circul complctn
8BL2.00 Patient on maximal tolerated therapy C10A700 Malnutrition-related diabetes mellitus
for diabetes : without complications
Cyu2000 [X]Other specified diabetes mellitus C10A.00 Malnutrition-related diabetes mellitus
C10zy00 Other specified diabetes mellitus with Cyu2200 [X]Malnutrit-related diabetes mellitus
U’j‘SPeC'f'ed comps i i with unspec complics
€105200 Diabetes mellitus NOS with ophthalmic C10AWO00 | Malnutrit-related diabetes mellitus with
m'amfestatlon' _ _ unspec complics
€100200 Diabetes mellitus NOS with no mention C10A600 Malnutrition-related diabetes mellitus
of compllca.t.lon i i i with multiple comps
C107y00 Other specified diabetes mellitus with C10A400 Malnutrition-related diabetes mellitus
periph circ comps wth neuro complicatns
66Af.00 Patient diabetes education review
C102100 Diabetes mellitus, adult onset, with
hyperosmolar coma .
C10M.00 | Lipoatrophic diabetes mellitus 10.8.2Multilex drug codes for
66AR.00 Diabetes management plan given - -
d plan g Diabetes Mellitus
L180300 Diabetes mellitus during pregnancy -
baby not yet delivered Drugcode Generic name
C107.11 Diabetes mellitus with gangrene
- . - 86177998 INSULIN ISOPHANE BOVINE
9M10.00 Informed dissent for diabetes national CARTRIDGE inj susp 100 units/ml
audit _ _ i 90683997 Biphasic isophane insulin product
90L..11 Diabetes clinic administration
- - 92376997 Biphasic isophane insulin product
2G51000 Foot abnormality - diabetes related
- - 86249998 Insulin biphasic lispro disposable pen
66A9.00 Understands diet - diabetes inj susp 25:75; 100 units/ml 3ml
- - - disposable pen(s) 5
L180z00 Diabetes mellitus in —
pregnancy/childbirth/puerperium NOS 96047598 lIJ':l‘IIStLSJ/L;'I'\: NEUTRAL HUMAN inj 100
9h42.00 Excepted from diabetes quality — —
indicators: Informed dissent 94322998 _Insulm |sopl_1ane human crb inj 100
8CP2.00 Transition of diabetes care options iu/ml 3m| disposable pen(s) 5
’ discussed 97524998 INSULIN SOLUBLE BOVINE inj 100
- — - - units/ml
ZRB4.11 | CSQ - Diabetes clinic satisfaction 98227998 INSULIN SOLUBLE HUMAN VIAL inj
guestionnaire soln 100 units/ml
oNiC.00 Did not attend DAFNE diabetes 98228998 INSULIN ISOPHANE HUMAN EMP inj
structured education programme -
L180800 Diabetes mellitus arising in pregnanc 100 units/mi
g In pregnancy 91295998 INSULIN ISOPHANE HUMAN PYR inj
1180900 Gestational diabetes mellitus 100 iu/ml
96053997 ISOPHANE INSULIN 100iu/mL 10m
Q44B.00 Syndrome of infant of mother with . . S
gestational diabetes 86243998 Ins_ulln glargine V|_aI inj soln 100
ZC2CB00 Dietary advice for gestational diabetes units/ml 1 10ml vial(s)
86237998 Insulin glulisine vial inj soln 100
L180811 Gestational diabetes mellitus units/ml 1 10ml vial(s)
86303998 INSULIN BIPHASIC ISOPHANE
14F4.00 H/O: Admission in last year for diabetes HUMAN CARTRIDGE inj susp 30:70;
foot problem 100 units/ml
Lyu2900 [X]Pre-existing diabetes mellitus, 92940994 INSULIN 1mL syrg+12mm(29G) ndl
unspecified
1434.00 H/O: diabetes mellitus 90012998 Insulin lispro human prb inj 100
iu/ml 3ml disposable pen(s) 5
L180700 Pre-existing malnutrition-related 91777994 NovoPenclassic
diabetes mellitus
L180500 Pre-existing diabetes mellitus, insulin- 97598992 Insulin isophane (nph) 40 i/u 0
dependent
L180X00 Pre-existing diabetes mellitus, 98225998 INSULIN BIPHA}SIC ISOPHANE_
unspecified HUMAN EMP inj 50:50; 100 units/ml
ZV13F00 [V]Personal history of gestational 96283992 Insulin isophane (nph) 100 i/u inj 0
diabetes mellitus
— " - 86269998 INSULIN ISOPHANE HUMAN
L180600 _Pre-gmstmg diabetes mellitus, non- DISPOSABLE PEN inj susp 100
insulin-dependent units/ml
C10AX00 Malnutrit-relat diabetes mellitus with 96292992 Insulin isophane (highly purified)
other spec comps 100 i/u inj 0
Cyu2100 [X]Malnutrit-relat diabetes mellitus with 96076992 Insulin bovine protamine zinc 100 i/u
other spec comps inj 0
C10A200 Mglnutrltlon-rela_ted diabetes mellitus 90681998 Biphasic isophane insulin product
with renal complicatn
C10A300 Malnutrit-related diabetes mellitus wth 86284998 INSULIN BIPHASIC ISOPHANE

ophthalmic complicat

HUMAN DISPOSABLE PEN inj susp
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15:85; 100 units/ml

HUMAN PYR inj 20:80; 100 units/ml

86254998 Insulin lispro disposable pen inj soln 98239994 U100 insulin syringe 0.5ml
100 units/ml 5 3ml disposable syringe(s) 100
pen(s) 86260998 INSULIN BIPHASIC ASPART
91275998 INSULIN BIPHASIC ISOPHANE CARTRIDGE inj susp 30:70; 100
HUMAN PRB inj 10:90; 100 units/ml units/ml
97601992 Insulin zinc semilente susp bp 100 86182998 INSULIN SOLUBLE PORCINE
i/uinj 0 CARTRIDGE inj soln 100 units/ml
86308998 INSULIN BIPHASIC ISOPHANE 86193998 Insulin isophane porcine cartridge inj
HUMAN CARTRIDGE inj susp 20:80; susp 100 units/ml 3ml cartridge(s) 5
100 units/ml 86314998 INSULIN SOLUBLE HUMAN
97322997 INSULIN SOLUBLE HUMAN PYR inj CARTRIDGE inj soln 100 units/ml
100 units/ml 94319998 INSULIN BIPHASIC ISOPHANE
96061998 Insulin zinc mixed bovine vial inj HUMAN PYR inj 10:90; 100 units/ml
susp 100 units/ml 10ml vial(s) 1 90689998 Insulin soluble human prb inj 100
89555998 Insulin biphasic aspart human pyr inj units/ml 5ml vial(s) 1
30:70; 100 units/ml 3ml disposable 88210994 Autopen Special Edition
pen(s) 5
86253998 INSULIN LISPRO VIAL inj soln 100 97527998 INSULIN ZINC MIXED BOVINE VIAL
units/ml inj susp 100 units/ml
91505998 INSULIN ISOPHANE HUMAN PYR inj 91274998 INSULIN SOLUBLE HUMAN
100 iu/ml DISPOSABLE PEN inj soln 100
86250998 Insulin biphasic lispro cartridge inj units/ml
susp 25:75; 100 units/ml 3ml 92906998 INSULIN BIPHASIC ISOPHANE
cartridge(s) 5 HUMAN PYR inj 50:50; 100 units/ml
94292998 INSULIN SOLUBLE HUMAN EMP inj 86274998 Insulin isophane human disposable
100 units/ml pen inj susp 100 units/ml 5 3ml
91293997 INSULIN BIPHASIC ISOPHANE disposable pen(s)
HUMAN PYR inj 20:80; 100 units/ml 95168992 Insulin zinc suspension amorphous
97854998 INSULIN ISOPHANE HUMAN CRB inj product
100 iu/ml 98505998 INSULIN ZINC MIXED BOVINE VIAL
88973994 Autopen Junior inj susp 100 units/ml
99480998 INSULIN ZINC susp MIXED BOVINE
94296998 INSULIN ISOPHANE HUMAN EMP inj & PORCINE inj 100 units/ml
100 units/ml 86549998 INSULIN GLULISINE CARTRIDGE inj
96794992 Biphasic isophane insulin product soln 100 units/ml
87415994 Humapen Ergoburgundy
86186998 INSULIN BIPHASIC ISOPHANE
PORCINE CARTRIDGE inj susp 88413998 INSULIN SOLUBLE PORCINE VIAL inj
30:70; 100 units/ml soln 100 units/ml
86191998 INSULIN ISOPHANE PORCINE VIAL 94298998 INSULIN BIPHASIC ISOPHANE
inj susp 100 units/ml HUMAN EMP inj 25:75; 100 units/ml
91276998 INSULIN ISOPHANE HUMAN PRB inj 85591998 INSULIN GLULISINE CARTRIDGE inj
100 iu/ml soln 100 units/ml
90681996 Biphasic isophane insulin product 86305998 Biphasic isophane insulin product
86266998 INSULIN ISOPHANE HUMAN 97600992 Insulin bovine protamine zinc 40 i/u
DISPOSABLE PEN inj susp 100 inj 0
units/ml 86080998 INSULIN ISOPHANE HUMAN
90817994 BD Ultra Pen DISPOSABLE PEN inj susp 100
- units/ml
96291992 ISOPHANE INSULIN 100iu/mL 10m 90684997 Biphasic isophane insulin product
84779998 INSULIN DETEMIR DISPOSABLE PEN 88995998 INSULIN ISOPHANE PORCINE inj 100
inj soln 100 units/ml units/ml
91292997 INSULIN BIPHASIC ISOPHANE_ 96052998 Insulin isophane mixed human inj
HUMAN PYR inj 30:70; 100 units/ml 100 units/ml 3ml cartridge(s) 5
90697997 Biphasic isophane insulin product 86315998 INSULIN SOLUBLE HUMAN
91294997 INSULIN BIPHASIC ISOPHANE CARTRIDGE inj soln 100 units/ml
HUMAN PYR inj 10:90; 100 units/ml 86313998 INSULIN SOLUBLE. H.UMAN
92376998 Biphasic isophane insulin product DISPOSABLE PEN inj soln 100
units/ml
96053996 Biphasic isophane insulin product 86185998 Insulin soluble porcine vial inj soln
100 units/ml 10ml vial(s) 1
86288998 Biphasic isophane insulin product 86298998 INSULIN BIPHASIC ISOPHANE
HUMAN DISPOSABLE PEN inj susp
96792992 Biphasic isophane insulin product 30:70; 100 units/ml
86256998 Insul;n Ilispro vi?I in_'li(sc))ln 100 96045998 f,slgfzz)aqe insulin inj 100 iu/mi 10m
units/ml 1 10ml vial(s :
86189998 ISOPHANE INSULIN 100iu/mL 10m 88974994 Autopen Junior
i S— — 90169998 INSULIN BIPHASIC ISOPHANE
86242998 Insulin gIarglne dlsposablg pen inj HUMAN DISPOSABLE PEN inj susp
soln( 1)00 units/ml 5 3ml disposable 30:70; 100 units/ml
pen(s
91292996 INSULIN BIPHASIC ISOPHANE‘ 94299998 LNUSP;J:IEINEEIE?SS;& ;g?i';é'\llﬁlits/m|
HUMAN PYR inj 30:70; 100 units/ml 86267998 INSULIN ISOPHANE HUMAN VIAL inj
95162992 NEUTRAL INSULIN 100iu/mL 10mL susp 100 units/ml
92908998 INSULIN BIPHASIC ISOPHANE 86282998 Biphasic isophane insulin product
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99532998

INSULIN ISOPHANE PORCINE VIAL
inj susp 100 units/ml

syringe(s)

86169998 INSULIN BIPHASIC ISOPHANE 90682998 Biphasic isophane insulin product
100 anitemy DGE InJ susp 50:50; 99401998 INSULIN ZINC susp MIXED PORCINE
inj 100 units/ml
94297998 IHNUSP}'JALI{INEEIPP?nAj\Sllé::é?s.oigé’\lﬁits/m| 97323998 INSULIN BIPHASIC ISOPHANE
91273998 INSULIN BIPHASIC ISOPHANE HUMAN PYR inj 30:70; 100 units/m
HUMAN PRB inj 40:60; 100 units/ml 97526998 INiU/LII\ll ISOPHANE BOVINE inj 100
- ——— units/m
96281992 Insulin soluble 320 i/u inj 0 89685994 U100 insulin syringe 0.5mI
96284992 Isophane insulin product 97639992 INSULIN/COMBINATION
86310998 IHNUSP}'J)\‘,{,NCT;THQSDISEIisn?Zﬁ?g‘EO.90. 91289998 INSULIN BIPHASIC ISOPHANE
100 units/ml o HUMAN CRB inj 15:85; 100 units/ml
98817998 INSULIN ZINC susp CRYSTALLINE 90015998 INSULIN LISPRO HUMAN PRB inj 100
HUMAN PRB - INTERMEDIATE iu/ml _
ACTING inj 100 units/ml 98474990 INSULIN SOLUBLE BOVINE inj 100
88211994 Autopen Special Edition units/ml| :
96286992 NEUTRAL INSULIN 100iu/mL 10mL
99356998 INSULIN SOLUBLE BOVINE inj 100
units/ml 86301998 INSULIN BIPHASIC ISOPHANE
91293998 INSULIN BIPHASIC ISOPHANE TUMAN_ CARITRIDGE inj susp 30:70;
HUMAN PYR inj 20:80; 100 units/ml 00 units/m
86214998 Insulin glulisine disposable pen inj 86251998 .INSUII‘INISBSPR.? DI?POSABLE PEN
soln 100 units/ml 5 3ml disposable inj soln 100 units/ml __ i
pen(s) 96050998 Neutral m_sulln bovine inj 100 iu/ml
90690998 Insulin soluble human emp inj 100 3ml cartridge(s) 5
units/ml 10ml vial(s) 1 86241998 Insulln‘glarglne cartrldge_ inj soln
98238994 U100 pre-set insulin syringe 1ml 100 units/ml 5 3ml cartridge(s)
sp.36 [2a] 1 syringe(s) 96688992 Insulin neutral (human) 100 i/u inj
94477992 NEUTRAL INSULIN 100iu/mL 10mL 0 — i
86077998 Insulin biphasic lispro disposable pen
97322998 INSULIN SOLUBLE HUMAN PYR inj inj susp 50:50; 100 units/ml 3ml
100 units/ml disposable pen(s) 5
86252998 INSULIN LISPRO CARTRIDGE inj soln 88297994 One Touch Ultra
100 units/ml F ialini sol
86179998 Insulin isophane bovine cartridge inj 86265998 I”S,: in ?Slpfigt vial Iny soin 100
susp 100 units/ml 3ml cartridge(s) 5 uni sl/m Thwa (s)
97244992 INSULIN/DEPOT 96063998 In;u in neutra uman inj 100
units/ml 10ml vial(s) 1
86278998 INSULIN BIPHASIC ISOPHANE 86175998 Insulin soluble bovine cartridge inj
HUMAN DISPOSABLE PEN inj susp soln 100 units/ml 3ml cartridge(s) 5
25:75; 100 units/ml 90682996 Biphasic isophane insulin product
90697996 Biphasic isophane insulin product
P P P 89554998 INSULIN BIPHASIC ASPART HUMAN
99359998 INSULIN ISOPHANE BOVINE inj 100 PYR inj 30:70; 100 units/ml
units/ml 87471998 INSULIN DETEMIR DISPOSABLE PEN
91758998 Insulin glargine inj 100 iu/ml 3ml inj soln 100 units/ml
cartridge(s) 5 93137992 Insulin isophane (human) 100 i/u inj
86271998 INSULIN ISOPHANE HUMAN VIAL inj 0
susp 100 units/ml 90682997 Biphasic isophane insulin product
96561992 INSULIN SYRINGE
97053998 INSULIN ZINC susp MIXED HUMAN
99976992 Insulin soluble 100 i/u inj O PRB inj 100 units/ml
86248998 INSULIN BIPHASIC LISPRO
86176998 Insulin soluble bovine vial inj soln CARTRIDGE inj susp 25:75; 100
100 units/ml 10ml vial(s) 1 units/ml
86264998 Insulin aspart cartridge inj soln 100 86081998 INSULIN ISOPHANE HUMAN VIAL inj
units/ml 5 3ml cartridge(s) susp 100 units/ml
96290992 Insulin neutral (purified) 100 i/u inj 96787992 Soluble neutral insulin product
0
86180998 Insulin isophane bovine vial inj susp 91509998 INSULIN ASPART DISPOSABLE PEN
100 units/ml 10ml vial(s) 1 inj soln 100 units/ml
83405998 INSULIN BIPHASIC LISPRO 86272998 INSULIN GLARGINE CARTRIDGE inj
DISPOSABLE PEN inj susp 50:50; soln 100 units/ml
100 units/ml 98198998