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Abstract

Background: There is limited evidence about the effectiveness of varenicline and nicotine

replacement therapy (NRT) for long-term smoking cessation in primary care, or whether

the treatment effectiveness differs by socioeconomic position (SEP). Therefore, we esti-

mated the long-term effectiveness of varenicline versus NRT (> 2 years) on smoking ces-

sation, and investigated whether effectiveness differs by SEP.

Methods: This is a prospective cohort study of electronic medical records from 654 gen-

eral practices in England, within the Clinical Practice Research Datalink, using three dif-

ferent analytical methods: multivariable logistic regression, propensity score matching

and instrumental variable analyses. Exposure was prescription of varenicline versus

NRT, and the primary outcome was smoking cessation at 2 years’ follow-up; outcome

was also assessed at 3, 6, and 9 months, and at 1 and 4 years after exposure. SEP was

defined using the Index of Multiple Deprivation.

Results: At 2 years, 28.8% (N¼ 20 362/70 610) of participants prescribed varenicline and

24.3% (N¼ 36 268/149 526) of those prescribed NRT quit; adjusted odds ratio was 1.26

[95% confidence interval (CI): 1.23 to 1.29], P<0.0001. The association persisted for up to

4 years and was consistent across all analyses. We found little evidence that the effect-

iveness of varenicline differed greatly by SEP. However, patients from areas of higher
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deprivation were less likely to be prescribed varenicline; adjusted odds ratio was 0.91

(95% CI: 0.90 to 0.92), P<0.0001.

Conclusions: Patients prescribed varenicline were more likely to be abstinent up to

4 years after first prescription than those prescribed NRT. In combination with other evi-

dence, the results from this study may be used to update clinical guidelines on the use of

varenicline for smoking cessation.

Key words: Smoking cessation, tobacco, varenicline, nicotine replacement therapy, effectiveness, primary care,

causal, instrumental variable, cohort, electronic medical records

Introduction

Tobacco is the world’s leading preventable cause of serious

illness and premature death.1 One in two smokers will die

from their addiction unless they stop smoking.2 To date,

there are only three full-scale randomized controlled trials

(RCTs) which have compared the effects of varenicline and

nicotine replacement therapy (NRT) on smoking cessa-

tion.3–6 Baker and colleagues found that varenicline had

similar effects as did NRT on smoking abstinence at

26 weeks; the odds ratio was 1.3 (95% confidence interval,

0.9 to 1.9).3 Aubin and colleagues also reported similar ef-

fects between the two medicines at 12 months [1.4 (95%

confidence interval 0.99 to 1.99)].4 In contrast, Anthenelli

and colleagues (2016) reported that those treated with var-

enicline achieved higher rates of abstinence compared with

NRT at 24 weeks; odds ratio (and 95% confidence inter-

val) were 1.5 (1.3 to 1.8).5 Cahill and colleagues conducted

a network meta-analysis of RCTs which suggested that

varenicline is the most efficacious smoking cessation medi-

cine at up to 12 months; odds ratio (and 95% confidence

interval) were 1.6 (1.3 to 1.9).7 However, the efficacy of

treatments in trial settings may differ from their effective-

ness in everyday clinical settings because of variation in

treatment delivery and participant characteristics.

Moreover, abstinence at 6 to 12 months does not necessar-

ily guarantee longer-term abstinence (> 24 months). A sys-

tematic review of RCTs found that 30% of participants

recorded as quitting at 12 month follow-up relapsed in

subsequent years.8

Furthermore, we do not know whether the effectiveness

of smoking cessation medications differs by socioeconomic

position (SEP). Smoking is a major contributor to health

inequalities between the richest and poorest in society.9,10

There is evidence that smokers in more deprived areas in the

UK are more likely to receive advice to quit from their gen-

eral practitioner.11 Nevertheless, observational studies have

found that smokers from disadvantaged backgrounds are

much less likely quit,10 even after accessing treatment from

specialist stop-smoking services.12 However, there is little evi-

dence from RCTs about whether the effectiveness of smoking

cessation medications differs by SEP, and trials are typically

underpowered to detect treatment effect heterogeneity.

In this study we aimed to: (i) estimate the long-term ef-

fectiveness of prescribing varenicline versus NRT on smok-

ing cessation in primary care; and (ii) examine whether the

effectiveness differed by SEP.

Methods

We conducted a prospective cohort study using electronic

medical records from 654 general practices in England. This

research was conducted according to the principles of the

Declaration of Helsinki and we followed STROBE reporting

guidelines.13 The study protocol was published in advance14

and is available via the Open Science Framework (https://

osf.io/g9ch2/) and ClinicalTrials.gov (ID:NCT02681848). It

was approved by the Independent Scientific Advisory

Committee (ISAC) for MHRA Database Research (https://

www.cprd.com/isac/) (protocol number: 15_107R).

Data source and population

We obtained data from the Clinical Practice Research

Datalink (CPRD) GOLD [www.cprd.com], a medical

Key Messages

• This is the largest study to date investigating the effectiveness of varenicline versus NRT for smoking cessation in pri-

mary care settings.

• Varenicline is more effective than NRT for smoking cessation up for to 4 years in primary care settings.

• Varenicline’s effectiveness does not appear to be altered by socioeconomic position.
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database containing data on over 13 million patients

across the UK. Registered patients are representative of the

UK’s demography.15

Code lists

We defined variables using medical and product codes

within the CPRD. Validated lists were used where avail-

able, and where unavailable, code lists were agreed upon

by field experts (R.M.M., D.R., K.H.T.) and by using

the British National Formulary and the International

Classification of Diseases. Code lists are available at

[https://github.com/nmdavies/varenicline effectiveness/].

Patients

Included patients were aged 18 years and over, and were

prescribed NRT or varenicline. We included patients with

no breaks in their records, with complete information on

year of birth, registration date and sex; and patients from

practices with continuous recording of data. We excluded

patients who registered with their practice within 365 days

of their first recorded prescription, to ensure availability of

baseline data and data to define the first prescription of

smoking cessation medication.

Variables

Exposure

Treatment was defined as prescription of varenicline, and

control as prescription of NRT (e.g. patches, gum, loz-

enges, sprays and inhalers). Prescriptions used to define

treatment groups occurred after 1 September 1 2006 until

30 September 30 2015, with no previous evidence of use of

a related product during 18 months before the first pre-

scription was issued. We used the first treatment episode16

to ensure that exposure groups were ‘new users’ of the

medication and time of treatment allocation was similar to

baseline in a clinical trial, which is the time of randomiza-

tion.17 We did not model treatment switching because this

is likely to be strongly related to patient characteristics.

Outcome

The primary outcome was having an electronic medical

record indicating smoking at 2-year follow-up. Smoking

status was also assessed at 3, 6 and 9 months, and at 1 and

4 years after the first prescription. GPs recorded their pa-

tients’ smoking status as current, former or never smoker

in their electronic medical records; these data were repeat-

edly recorded over time as part of a UK nationwide

incentive programme,18 and these smoking records are

highly comparable to smoking prevalence as reported in

representative population surveys.19 We determined each

patient’s smoking status by using their most recent smok-

ing record identified between cohort entry and each

follow-up period (e.g. 3 months, 6 months, 1 year). In our

primary analysis, patients with missing smoking data were

assumed to be continuing smokers.20 For statistical ana-

lyses, smoking status was defined as smoker (0) or quit (1).

Covariates

Covariates included patients’ age at time of prescription,

sex, days registered in the CPRD, mental health history (bi-

polar, depression, neurotic, anxiety disorders, self-harm or

other mental health disorders), previous use of psycho-

tropic medications (antidepressants, antipsychotics, hyp-

notics/anxiolytics or other psychotropic medications), drug

or alcohol misuse,21 mean number of GP visits 1 year pre-

ceding first prescription, body mass index (BMI), SEP and

major chronic illness (Charlson Index22). SEP was recorded

based on patient postcode at the lower-layer super-output

area level, and measured using the index of multiple de-

privation (IMD) which is the official measure of depriv-

ation in England; and was recorded using twentiles (i.e.

1¼ lowest level of deprivation, 20¼ highest level).

Follow up

Patients were followed up at 3, 6, and 9 months and 1, 2

and 4 years after exposure.

Statistical analysis

Analyses were conducted using Stata 14. All scripts are

available online [https://github.com/nmdavies/varenicline

effectiveness/]. To investigate the effects of varenicline ver-

sus NRT on smoking cessation, we conducted a multivari-

able adjusted logistic regression. Models were estimated

using cluster robust standard errors, which accounted for

potential clustering of patients between physicians.

Differences in the effectiveness of varenicline by SEP were

investigated by stratifying patients on level of deprivation

non-imputed data, low deprivation as indicated by an IMD

rank of 1 to 10, and high deprivation as indicated by an

IMD score of 11 to 20, and conducting partially adjusted

logistic regression models for age, sex and year of smoking

cessation medication prescription (see Supplementary

Methods for further details, available as Supplementary

data at IJE online).

To address potential residual confounding and selection

bias (i.e. varenicline users may have previously had a failed

a quit attempt using NRT, and thus are more likely to have

been prescribed varenicline), we repeated all analyses

using: propensity score matched logistic regressions; and
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instrumental variable regressions using physicians’ pre-

scribing preferences as the instrument.23 Instrumental vari-

able analysis uses variables which are: related to the

exposure, independent of confounders, and have no direct

effects on the outcome.24 If the multivariable adjusted re-

gression results suffer from residual confounding, they will

differ compared with results from the instrumental vari-

able models (see Supplementary material for further details

of the methods, available as Supplementary data at IJE on-

line). We examined the extent of confounding variables

across all three analysis types (e.g. association between the

exposure or instrument, and baseline covariates).25–28

Missing baseline covariate data

To increase efficiency and minimize selection bias, we used

multivariable multiple imputation to impute data for pa-

tients missing BMI and IMD values.29 The imputation pro-

cedure produced 20 imputed datasets, and the imputation

model included all exposures and covariates.30

Sensitivity analysis: missing outcome data

It was possible that our ascertainment of outcome, i.e. in

which participants with missing smoking status medical re-

cords were classed as continuing smokers,20 might lead to mis-

classification bias. To examine this possibility we conducted a

sensitivity analysis in which we imputed missing outcome data

using multivariate multiple imputation. The imputation pro-

cedure produced 20 imputed datasets, and the imputation

model included all exposures and covariates.30 We compared

the effect estimates derived from the sensitivity analysis (miss-

ing outcome data¼ imputed) with those derived from the

main analysis (missing outcome data¼ continuing smoker).

Comparison with other studies

We used a random effects meta-analysis to compare our

multivariable logistic regression estimate with estimates re-

ported by the systematic review and those derived from sub-

sequently published RCTs of varenicline versus NRT.3–5,7

Results

Population characteristics

A total of 287 079 patients were prescribed smoking

cessation medications during the study period. Of

these, 149 526 patients prescribed NRT and 70 610

patients prescribed varenicline were eligible for analysis.

Supplementary Figure 1 (available as Supplementary data

at IJE online) presents the number of patients excluded

and reasons for exclusion.14 Of those prescribed NRT, a

range of products was prescribed including patches, gum,

oral spray, nasal spray, oral film, inhaler, lozenges and

microtab (see Supplementary Table 1, available as

Supplementary data at IJE online, for list of NRT products

prescribed); 34 396 (23%) of the patients prescribed NRT

were prescribed more than one nicotine product. On aver-

age, patients who were prescribed varenicline were issued

2.8 [standard deviation (SD) ¼ 1.6] prescriptions for vareni-

cline in the 3 months following their first eligible prescrip-

tion, and received an average of 107.5 (SD¼ 120.7) tablets;

49.7% (N¼ 35 076/70 610) of these patients received a full

course of varenicline (i.e.� 12 weeks) (Chapter 4, British

National Formulary). Patients who were initially prescribed

NRT were issued 2.5 (SD¼ 2.2) prescriptions for NRT on

average during the 3 months after their first eligible prescrip-

tion. At the time of prescription, patients’ mean age was

45.8 years (SD¼14.9); 52.6% of the cohort were women.

Baseline data indicated that this cohort was similar to other

studies of smokers from the UK and other developed na-

tions.21 The median patient had an IMD score of 12, indi-

cating that they lived in the 60–65% most deprived areas in

England (Table 1); 35.8% of patients showed evidence of a

major comorbidity.22 The number of patients with mental

health morbidities or prescribed psychotropic medications

was consistent with the prevalence of mental illness found in

cohorts of smokers.31 Patients prescribed NRT were more

likely to be older and to have a history of comorbidities.

The association of varenicline or NRT

prescriptions and smoking cessation

Patients prescribed varenicline were more likely to quit

smoking than those prescribed NRT, at all follow-ups

(Figure 1). Partially and fully adjusted multivariable regres-

sion models indicated that varenicline was associated with

increased odds of quitting smoking at all follow-ups, and

the association attenuated slightly at 4-year follow-up;

however, the direction and precision of the association re-

mained consistent over time (Figure 2). Table 2 presents

fully and partially adjusted odds ratios and 95% confi-

dence intervals for the association, by prescription and

follow-up. At 2 years, 28.8% (N¼ 20 362/70 610) of par-

ticipants prescribed varenicline quit, and 24.3%

(N¼ 36 268/149 526) of those prescribed NRT quit; the

fully adjusted odds ratio and 95% confidence interval at 2-

year follow-up were 1.26 (1.23 to 1.29), P< 0.001.

The propensity score balanced the treatment groups’

baseline covariates (see Supplementary Figures 2 and 3 for

bias assessment, available as Supplementary data at IJE

online), and in the instrumental variable model we found

that the instrument was more weakly associated with

the covariates than the patients’ actual prescription

(see Supplementary Figure 4, available as Supplementary
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data at IJE online, for bias assessment). Furthermore, the

propensity score matched and instrumental variable mod-

els estimates were entirely consistent with the fully

adjusted logistic regression estimates (see Supplementary

Tables 3 and 4 and Supplementary Figure 5, available as

Supplementary data at IJE online).

Differences in the effects of varenicline by SEP

In our sample, patients from the most deprived areas were

less likely to be prescribed varenicline compared with those

from the least deprived areas [age- and sex-adjusted odds

ratio 0.91 (95% confidence interval: 0.90 to 0.92),

P< 0.0001 (Supplementary Figure 6, available as

Figure 1. Absolute quit rates by treatment group at 3, 6 and 9 months and 1, 2 and 4 years after exposure, N¼ 220 136.

Table 1. Baseline characteristics of cohort and by exposure group. Data are the number (%) of patients unless otherwise

specified

Characteristic NRT

(N¼149526)

Varenicline

(N¼70610)

Whole sample

(N¼220136)

Age at time of first prescriptiona 46.4 (15.4) 44.5 (13.2) 45.8 (14.9)

Sex (female) 53.7% (80 348) 50.2% (35 466) 52.6% (115 814)

Index of multiple deprivation score (IMD)†b 12 12 12

Mean number of GP visits 1 year before first prescriptiona 7.9 (7.4) 6.3 (6.1) 7.4 (7.0)

BMI†a 26.4 (6.4) 26.5 (5.9) 26.4 (6.1)

Year of first prescriptionb 2009 2010 2009

Days of historya 3158.7 (1892.1) 3283.9 (1976.6) 3198.9 (1920.5)

Comorbidity ever (Charlson Index22) 37.6% (56 274) 31.9% (22 523) 35.8% (78 797)

Alcohol misuse ever 8.3% (12 422) 6.0 (4 199) 7.6% (16 621)

Drug misuse ever 3.1% (4 595) 1.9% (1 357) 2.7% (5 952)

Bipolar ever 1% (1 464) < 1% (160) < 1% (1 624)

Depression ever 35.0% (52 233) 29.2% (20 615) 33.1% (72 848)

Neurotic disorder ever 24.7% (36 921) 20.1% (14 189) 23.2% (51 110)

Self-harm ever 10.6% (15 903) 8.7% (6 169) 10.0% (22 072)

Other rare mental disorder ever 6.9% (10 343) 4.0% (2 832) 6.0% (13 175)

Antidepressant prescription ever 50.1% (74 921) 43.1% (30 435) 47.9% (105 356)

Antipsychotic prescription ever 20.0% (29 873) 14.8% (10 459) 18.3% (40 332)

Hypnotics/anxiolytics prescription ever 21.1% (31 513) 17.6% (12 415) 20.0% (43 928)

Other psychotropic medication < 1% (473) < 1% (120) < 1% (593)

Missing BMI and IMD values were imputed using multiple imputation.29 See Supplementary material for comparison of imputed and raw data, available as

Supplementary data at IJE online (Supplementary Table 2).
†Missing data: BMI data were missing for 14.2% (N¼ 31169); IMD data were missing for 43.3% (N¼ 95 355).
aData presented are mean and standard deviation.
bData presented are median.
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Supplementary data at IJE online]. Varenicline was slightly

more effective in patients from the least deprived areas at 3

months to 1 year after first prescription, but this difference

attenuated by the 2 and 4 years’ follow-up, as shown in

Figure 3 and Supplementary Tables 5 and 6 (available

as Supplementary data at IJE online).

Sensitivity analyses

The proportions of missing data were similar between ex-

posure groups at all follow-ups (Supplementary Table 7,

available as Supplementary data at IJE online). At 2 year’s

follow-up, 20.3% (44 737/220 136) of patients were miss-

ing smoking status data; these patients were on average,

younger, male, visited the GP fewer times per year and had

fewer comorbidities (Supplementary Table 8, available as

Supplementary data at IJE online). Effect estimates derived

from the main analysis (missing outcome data¼ continuing

smoker) were similar to estimates derived from models in

which missing outcome data were imputed (Supplementary

Table 9 and Supplementary Figure 7, available as

Supplementary data at IJE online).

Comparison with other studies

Our meta-analysis indicated that 6-month effectiveness

estimates derived from this study were similar to effect esti-

mates derived from full-scale RCTs and a network meta-

analysis, as indicated by heterogeneity statistics (Q¼ 6.42,

P¼ 0.170, I2¼ 37.7%, Tau2¼ 0.0084).32,33 Figure 4 indi-

cates that on average varenicline was associated with

higher abstinence rates compared with NRT [odds ratio

1.4 (95% confidence interval: 1.3 to 1.6] (Figure 4).

Discussion

Main findings

To date there are only three full-sized RCTs testing the

relative efficacy of NRT and varenicline,3–5 two of which

were open label,3,4 and all of which were limited to 6 to 12

months’ follow-up. These trials tell us little about the

longer-term differences in abstinence rates caused by these

medications.8 Second, there is little evidence about

whether varenicline is effective in disadvantaged popula-

tions. This is the largest study of the effectiveness of vareni-

cline versus NRT for enduring smoking cessation in

primary care settings.34,35 We found that patients pre-

scribed varenicline were more likely to quit smoking com-

pared with patients prescribed NRT. This difference

persisted over time, lasting up to 4 years, and the results

were consistent across three different analysis methods.

There was little evidence that varenicline’s effectiveness

differed by level of deprivation; however, patients from

more disadvantaged areas were less likely to be prescribed

varenicline.

1.
1

1.
2

1.
3

1.
4

1.
5

O
dd
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tio

3 6 9 12 24 48
Months since first prescription

Figure 2. The association of prescribing varenicline and smoking cessa-

tion at 3,6 and 9 months and 1, 2 and 4 years after first prescription.

Fully multivariable adjusted logistic regression model: odds ratio and

95% confidence intervals presented. The difference in smoking cessa-

tion rates peaks at 6 months and declines over the following 3.5 years,

N ¼ 220 136.

Table 2. Multivariable logistic regression models: partial and fully adjusted odds ratios and 95% confidence intervals for the as-

sociation between varenicline versus NRT and smoking cessation at 3, 6 and 9 months and 1, 2 and 4 years after exposure,

N¼ 220136a

Model 3 months 6 months 9 months 1 year 2 years 4 years

Odds ratio (95% confidence interval)

Partial adjustedb 1.47 1.50 1.44 1.38 1.30 1.23

(1.42 to 1.52) (1.46 to 1.55) (1.40 to 1.48) (1.35 to 1.42) (1.27 to 1.33) (1.21 to 1.26)

Fully adjustedc 1.42 1.46 1.40 1.34 1.26 1.19

(1.38 to 1.47) (1.42 to 1.50) (1.36 to 1.44) (1.31 to 1.38) (1.23 to 1.29) (1.16 to 1.21)

aMissing BMI and IMD values were imputed using multiple imputation.29

bPartial adjusted models were adjusted for: age, sex and year of prescription.
cFully adjusted models were adjusted for: age, sex, days in history, IMD, number of GP visits 1 year preceding first prescription, BMI, year of first prescription,

history of major physical morbidity (Charlson Index), alcohol misuse, drug misuse, bipolar, depression, neurotic disorder, self-harm, other mental disorder, anti-

depressant prescription ever, antipsychotic prescription ever, hypnotics/anxiolytics prescription ever, other psychotropic medication.
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Strengths and limitations

Data from the CPRD are representative of the UK popula-

tion36 and are typical of smokers from other developed na-

tions;21,22,31 therefore these findings are likely to be

generalizable. Misclassification of outcome and exposure

is a major source of bias in observational studies.13 In this

study, the exposure, smoking cessation medication, was

defined using pre-existing and peer reviewed code lists.21

The outcome, smoking status, was well reported within the

CPRD11 and was defined using expert reviewed defin-

itions. Nevertheless, it is possible that some patients’ smok-

ing status was inconsistently recorded. We defined

smoking status using each patient’s latest smoking record

within each follow-up period. In our primary analysis, we

classified smokers with missing records as continuing

smokers. Our findings were similar in a sensitivity analysis

in which we imputed the outcome using multiple imput-

ation. Most covariate data were complete, and we used

multivariable multiple imputation to impute missing values

for the exceptions (IMD and BMI).29,30

Residual confounding is a major limitation of observa-

tional studies.24,37 A particular strength of this study was

the use of three different analytical methods to estimate the

effectiveness of varenicline. The propensity score balanced

the treatment groups’ observed baseline characteristics,

and produced similar findings to the multivariable adjusted

regression. Our instrumental variable analyses used natur-

ally occurring variation in the GPs’ prescribing which, if its

assumptions hold, is robust to unmeasured residual con-

founding of the exposure-outcome relationship, including

confounding by indication. For example, our instrumental

variable analysis would not suffer from bias if GPs were

more likely to offer varenicline to patients they believed

were more likely to quit, or were more supportive to these

patients during their quit attempt or if a patient prescribed

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

O
dd

s 
ra

tio

3 6 9 12 24 48
Months since first prescription

Figure 3. The effectiveness of varenicline stratified by socioeconomic

position. Partial adjusted odds ratios and 95% confidence intervals for

the association of prescription of varenicline versus NRT and smoking

cessation at 3, 6 and 9 months and 1, 2 and 4 years after exposure, by

level of deprivation as measured by the Index of Multiple Deprivation

Score (IMD). IMD is an increasing measure of neighbourhood disadvan-

tage; models were adjusted for age, sex and year of first prescription.

Missing IMD values were not imputed and patients with missing IMD

data were excluded from all analyses, to ensure comparability of results

across samples.

Legend:

h Patients from least deprived areas (IMD scores 1 to 10), N¼ 52 534.

~ Patients from most deprived areas (IMD scores 11 to 20), N¼ 72 247.

Overall  (I−squared = 37.7%, p = 0.170)
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fect of varenicline versus NRT for smoking cessation at 6–12 months’ follow–up.
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varenicline had a failed quit attempt using NRT. The in-

strumental variable analysis provides an alternative source

of evidence about the effects of varenicline, using observa-

tional data.24 The instrumental variable results were less

precise, but were consistent with the multivariable adjusted

regression results, and suggested that varenicline was more

effective for smoking cessation.24

This study used prescriptions issued in primary care;

therefore, we do not have any information on medication

adherence, and patients may have taken over-the-counter

stop-smoking medications. Few patients faced a difference in

out-of-pocket costs between varenicline and NRT prescrip-

tions; therefore this is unlikely to have affected adherence.

Furthermore, other studies have found that users of NRT

continue taking the medication less than half the time it is

prescribed.38 This means that our results are estimates of the

effects of prescribing smoking cessation medications, and

may underestimate the effects of actually taking these medi-

cations. Nonetheless, the estimates presented in this study re-

flect the effects of prescribing stop-smoking medications

allowing for real-world patient treatment adherence. Finally,

the diagnostic categories used to define covariates may not

have captured all patients with applicable diagnoses.

However, where possible we used validated code lists.39

Comparison with other studies

A systematic review and network meta-analysis (i.e. a

meta-analysis technique conducted where there a very few

direct comparisons of treatments) has determined the effi-

cacy of varenicline versus NRT for smoking cessation.7

The review found that at 6 to 12 months’ follow-up, par-

ticipants allocated to varenicline were more likely to quit

compared with those allocated to NRT.7 In this study, we

meta-analysed the effect estimates derived from the net-

work meta-analysis reported by Cochrane,7 estimates from

full-scale RCTs3–5,7 and those derived from our study. The

met- analysis indicated that our findings were comparable

to those derived from gold-standard RCTs.32,33

Evidence from The Health Improvement Network indi-

cated that smokers in more deprived groups were more

likely to receive advice to quit from their GP.11 However,

observational studies have shown that smokers from disad-

vantaged backgrounds are much less likely to quit.10,12

Our study found that those from the most deprived areas

were less likely to be prescribed varenicline; but that there

was little evidence of clinically meaningful differences in

the effect of varenicline by SEP.

Conclusion and clinical implications

Patients prescribed varenicline were more likely to quit

smoking compared with those prescribed NRT up to 4

years after prescription, when treated in primary care. The

results from this study provide new evidence that vareni-

cline is not only efficacious (as indicated by RCTs) but is

effective in real-world clinical practice. Taken together,

this evidence may be used to update clinical guidelines on

the use of varenicline for smoking cessation.

Supplementary Data

Supplementary data are available at IJE online.

Funding

The MRC Integrative Epidemiology Unit at the University of Bristol

is supported by the Medical Research Council and the University of

Bristol [MC_UU_12013/6, MC_UU_12013/9]. The research

described in this paper was funded by the Medical Research Council

[MR/N01006X/1] and the National Institute for Health Research

(NIHR) Health Technology Assessment (HTA) programme [project

number 14/49/94]. A.E.T., M.R.M. and G.T. are members of the

UK Centre for Tobacco and Alcohol Studies, a UKCRC Public

Health Research: Centre of Excellence. Funding from the British

Heart Foundation, Cancer Research UK, Economic and Social

Research Council, Medical Research Council and the National

Institute for Health Research, under the auspices of the UK Clinical

Research Collaboration, is gratefully acknowledged. K.H.T. was

funded by a Clinical Lectureship award from the National Institute

for Health Research from March 2014 to October 2016. R.M.M. is

supported by a Cancer Research UK programme grant [C18281/

A19169] (the Integrative Cancer Epidemiology Programme). T.J. is

supported by the National Institute for Health Research (NIHR)

Collaboration for Leadership in Applied Health Research and Care

(CLAHRC) West at University Hospitals Bristol NHS Foundation

Trust. The funders of this research had no role in the study’s design,

conduct or reporting.

Acknowledgements
Dr Dheeraj Rai (DR), the Nottingham UKCTAS Smokers’ Panel,

Elizabeth Blackwell Patient and Public Advisory Group, Professor

Ann McNeill, Dr Lisa Szatkowski and the Study Steering

Committee: Professor Robert West, Dr Rhian Daniel and Dr Emily

Herrett.

Author Contributions

G.T. contributed to study design, data cleaning, data analysis, inter-

pretation of results and writing the manuscript. N.D.A.T. and K.T.

contributed to study conceptualization, study design, interpretation

of results, data analysis and writing the manuscript. R.M., M.M.

and F.W. contributed to study conceptualization, study design, in-

terpretation of results and writing the manuscript. T.J. extracted the

data and contributed to writing the manuscript. N.D. had full access

to all of the data in the study and takes responsibility for the integ-

rity of the data and the accuracy of the data analysis.

Conflict of interest: M.R.M. reports grants from Pfizer, grants from

Rusan, and non-financial support from GlaxoSmithKline, outside the

submitted work; A.E.T. reports a grant from the Global Research

Awards for Nicotine Dependence which is an Independent Competitive

International Journal of Epidemiology, 2017, Vol. 46, No. 6 1955

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/6/1948/3893602 by guest on 23 April 2024

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyx109#supplementary-data


Grants Program supported by Pfizer. R.M.M. was a member of the

Independent Scientific Advisory Committee of the Medicines and

Healthcare products Regulatory Agency which approves applications

for CPRD studies. All other authors report no other relationships or

activities that could appear to have influenced the submitted work.

References

1. World Health Organization. WHO Report on the Global

Tobacco Epidemic :Warning about the Dangers of Tobacco.

Geneva: WHO, 2011.

2. Jha P. Avoidable global cancer deaths and total deaths from

smoking. Nat Rev Cancer 2009;9:655–64.

3. Baker TB, Piper ME, Stein JH et al. Effects of nicotine patch vs

varenicline vs combination nicotine replacement therapy on

smoking cessation at 26 weeks: A randomized clinical trial.

JAMA 2016;315:371–79.

4. Aubin H-J, Bobak A, Britton JR et al. Varenicline versus trans-

dermal nicotine patch for smoking cessation: results from a rand-

omised open label trial. Thorax 2008;63:717–24.

5. Anthenelli RM, Benowitz NL, West R et al. Neuropsychiatric

safety and efficacy of varenicline, bupropion, and nicotine patch

in smokers with and without psychiatric disorders (EAGLES): a

double blind, randomised, placebo controlled clinical trial.

Lancet 2016;387:2507–20.

6. Tsukahara H, Noda K, Saku K. A koms (The VN SEESAW

Study). Circ J 2010;74:771–78.

7. Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological

interventions for smoking cessation: an overview and network

meta-analysis. Cochrane Database Syst Rev 2013;5:CD009329.

8. Etter J-F, Stapleton JA. Nicotine replacement therapy for long-term

smoking cessation: a meta-analysis. Tob Control 2006;15:280–85.

9. Mackenbach JP, Stirbu I, Roskam A-JR et al. Socioeconomic

inequalities in health in 22 European countries. N Engl J Med

2008;358:2468–81.

10. Reid JL, Hammond D, Boudreau C, Fong GT, Siahpush M; ITC

Collaboration. Socioeconomic disparities in quit intentions,

quit attempts, and smoking abstinence among smokers in four

western countries: findings from the International Tobacco

Control Four Country Survey. Nicotine Tob Res 2010;

12(Suppl 1):S20–33.

11. Taggar J, Coleman T, Lewis S, Szatkowski L. The impact of the

Quality and Outcomes Framework (QOF) on the recording of

smoking targets in primary care medical records: cross sectional

analyses from The Health Improvement Network (THIN) data-

base. BMC Public Health 2012;12:329.

12. Hiscock R, Judge K, Bauld L. Social inequalities in quitting

smoking: what factors mediate the relationship between socioe-

conomic position and smoking cessation? J Public Health

2011;33:39–47.

13. Von Elm E, Altman D, Egger M, Pocock S, Gøtzsche P,

Vandenbroucke J. The Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement:

guidelines for reporting observational studies. Prev Med

2007;45:247–51.

14. Davies NM, Taylor G, Taylor AE et al. What are the effects of

varenicline compared with nicotine replacement therapy on

long-term smoking cessation and clinically important outcomes?

Protocol for a prospective cohort study. BMJ Open

2015;5:e009665.

15. Office of NationalStatistics. Key Health Statistics From General

Practice 1998: Analyses of Morbidity and Treatment Data,

Including Time Trends, England and Wales. London: ONS,

2000.

16. Hern�an MA, Alonso A, Logan R et al. Observational studies

analyzed like randomized experiments: an application to post-

menopausal hormone therapy and coronary heart disease.

Epidemiology 2008;19:766–779.

17. Ray WA. Evaluating medication effects outside of clinical trials:

new user designs. Am J Epidemiol 2003;158:915–20.

18. Coleman T, Lewis S, Hubbard R, Smith C. Impact of

contractual financial incentives on the ascertainment and man-

agement of smoking in primary care. Addiction 2007;102:

803–08.

19. Langley TE, Szatkowski LC, Wythe S, Lewis SA. Can primary

care data be used to monitor regional smoking prevalence? An

analysis of The Health Improvement Network primary care

data. BMC Public Health 2011;11:773.

20. West R, Hajek P, Stead L, Stapleton J. Outcome criteria in smok-

ing cessation trials: proposal for a common standard. Addiction

2005;100:299–303.

21. Thomas KH, Martin RM, Davies NM, Metcalfe C, Windmeijer

F, Gunnell D. Smoking cessation treatment and risk of depres-

sion, suicide, and self harm in the Clinical Practice Research

Datalink: prospective cohort study. BMJ 2013;347:f5704.

22. Khan NF, Perera R, Harper S, Rose PW. Adaptation and valid-

ation of the Charlson Index for Read/OXMIS coded databases.

BMCFam Pract 2010;11:1.

23. Davies NM, Gunnell D, Thomas KH, Metcalfe C, Windmeijer F,

Martin RM. Physicians’ prescribing preferences were a potential

instrument for patients’ actual prescriptions of antidepressants.

J Clin Epidemiol 2013;66:1386–96.

24. Brookhart MA, Wang P, Solomon DH, Schneeweiss S.

Evaluating short-term drug effects using a physician specific pre-

scribing preference as an instrumental variable. Epidemiology

2006;17:268–75.

25. Jackson JW, Swanson SA. Toward a clearer portrayal of con-

founding bias in instrumental variable applications.

Epidemiology 2015;26:498–504.

26. Leuven E, Sianesi B. PSMATCH2: STATA Module to Perform

Full Mahalanobis and Propensity Score Matching, Common

Support Graphing, and Covariate Imbalance Testing. Boston,

MA: Boston College Department of Economics, 2003.

27. Thoemmes F, Kim E. A systematic review of propensity score

methods in the social sciences. Multivariate Behav Res

2011;46:90–118.

28. King G, Zeng L. The dangers of extreme counterfactuals. Polit

Anal 2005;14:131–59.

29. Royston PW. I. Multiple Imputation by Chained Equations

(MICE): Implementation in Stata. J Stat Softw 2011;45:1–20.

30. Royston P. Multiple imputation of missing values. Stata J

2004;4:227–41.

31. Lewis JD, Schinnar R, Bilker WB et al. Validation studies of the

health improvement network (THIN) database for pharmacoepi-

demiology research. Pharmacoepidemiology and Drug Safety

2007;16(4):393–401.

1956 International Journal of Epidemiology, 2017, Vol. 46, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/6/1948/3893602 by guest on 23 April 2024



32. Higgins J, Green S. Cochrane Handbook for Systematic Reviews

of Interventions Version 5.1.0. London: Cochrane Collaboration,

2011.

33. Harris R, Bradburn M, Deeks J, Harbord R, Altman D, Sterne J.

Metan: fixed and random effects meta analysis. Stata J

2008;8:3–28.

34. Kotz D, Brown J, West R. Prospective cohort study of the effective-

ness of varenicline versus nicotine replacement therapy for smoking

cessation in the ‘real world’. BMC Public Health 2014;14:1.

35. Brose LS, West R, Stapleton JA. Comparison of the effectiveness

of varenicline and combination nicotine replacement therapy for

smoking cessation in clinical practice. Mayo Clin Proc

2013;2013:226–33.
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