
Introduction
Four-week quit rates, both self-report and carbon monoxide (CO)-verified, have been used to evaluate

the effectiveness of stop smoking services since their inception in 1999. Although it does not take

into account a number of important factors that affect success rates (e.g. level of dependence, age,

socio-economic status etc), this measurement does allow for a crude comparison between stop smoking

services and within services over time.

The main purpose of this briefing, however, is to review the evidence on the effectiveness of four-week

quit rates as a predictor of long-term abstinence versus measurement of quit rates for longer periods

following the quit date. This briefing does not cover the evidence on extending behavioural support

and treatment to smokers beyond four weeks, which is covered in a separate NCSCT briefing.

The current standard within the stop smoking services for the assessment of success rates is CO-verified

four-week quit rates.1 A 4-week quitter is defined as someone who reports abstinence between weeks

two and four from the target quit date, verified by an expired air CO concentration of less than 10ppm

(parts per million).2 By this standard the average success rates of the services in England is 36%.3

Although the CO threshold and the exact length of follow-up remain a matter of some debate,4

(guidelines for the evaluation of smoking cessation interventions in clinical trials recommend assessing

smoking status at a minimum of six months)5;6 there are a number of reasons why the current standard

constitutes the primary measure of service success.

Decreasing the CO threshold does not improve accuracy
Evidence suggests that reducing the CO threshold below 10ppm does not significantly affect validated

quit rates until the threshold goes very low (below 3ppm), at which point there is evidence that this

starts to misclassify genuine abstainers.7 The only exception to the 10ppm threshold is for pregnant

smokers where in order to avoid missing any women who smoke, given the heightened importance

of stopping smoking at this time, a lower cut-off point of 4ppm is recommended.8–10
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Longer follow-ups result in greater drop-outs
and are impracticable
Figure 1 provides estimates of drop out rates (lost-to-follow-up) from a number of research studies

examining smoking cessation interventions, including the stop smoking services. The law of attrition

suggests that increasing the length of follow-up will increase the rate of drop out.11 Indeed, drop out

is already substantial at four weeks but doubles over longer follow-up periods.

Figure 1: Loss to follow-up with different treatments

Note: Data come from representative primary research of smoking cessation treatments;14–19

SSS = Stop smoking services (behavioural support + medication); NRT = Nicotine replacement therapy

Although in smoking cessation research, drop outs are considered to be smokers,4 introducing such

assumptions can result in an underestimation of treatment effects and imprecision, especially when

the number of lost-to-follow-up is large.12 Missing data should, therefore, be minimised if we want

to gain a true picture of the effectiveness of stop smoking services. Shorter follow-up (e.g. at four

weeks) represents a better way to keep drop-out rates low; maintaining adequate longer term

follow-up rates is impractical as it is resource-intensive and incurs costs that can otherwise be used

for service delivery.13
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Long-term relapse rates are well established
Years of research have accumulated a wealth of studies which have informed the shape of the relapse

curve in smoking cessation which is typically downward sloping and negatively accelerated, common

to most survival curves and behaviours.20;21

As shown in Figure 2A, and as evidenced by analysis of long-term outcomes of smoking cessation

treatment,22 the trajectory of the relapse curve is typically the same for assisted or unassisted a quit

attempts. Figure 2B provides the typical path of unaided quit attempts which, since it is approximate

to aided quit attempts in its shape, can be used to predict long-term abstinence rates that are based

on relatively short follow-up. Consequently, it can be assumed that the current 36% (CO-validated)

smoking cessation success rate at 4 weeks will result in approximately 9% long-term quitters among

stop smoking service clients23 compared with around 3–4% among those who quit unaided.

This is in contrast with the need for longer follow-ups in clinical trials of new treatments and interventions.

In such circumstances the typical shape of the relapse curve is not yet known and may differ from the

classic shape, therefore longer follow-ups are required to increase accuracy.24

aData come from Zhu et al25;
bData approximately based on Hughes et al26 and West and Stapleton27
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Figure 2A: Survival function for aided and

unaided quit attemptsa

Figure 2B: Relapse and abstinence during

unaided quit attemptsb
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Four week quit rates provide adequate reliability
and validity
As shown in Figure 2B, most smokers relapse within the first couple of days of a serious quit attempt and

the prognosis for permanent cessation improves five-fold in the first four weeks.27 Indeed, only at four

weeks follow-up does the weekly risk of relapse drop below the likelihood of being a long-term abstainer.

Based on this information, it is possible to deduce sensitivity (the true positive rate) and specificity (the

true negative rate) at different follow-up points. Sensitivity is high across all follow-up assessments

insofar as people who will become long-term abstinent will be abstinent from early on and counted

as such. The vast majority of lapses turn into relapses and few people recover from an early lapse to

become abstinent long-term (see NCSCT Briefing: The Not-a-Puff Rule). Specificity, by contrast, differs

across follow-up points as the risk of relapse decreases rapidly, resulting in many relapsers not being

identified early on but most being correctly identified by four weeks with a specificity above 90% and

little improvement thereafter.

Lastly, it is possible to evaluate whether four week quit rates provide a reasonably accurate measurement

of long-term cessation by comparing predictors of both short-term (four-week) and longer-term (one

year) cessation in relation to known predictors of quit success.28 The assumption is that if both short and

longer-term follow-ups produce similar predictors which correspond to known predictors of success that

they measure the same underlying construct, i.e. long-term cessation. As can be seen in Table 1, there

is a large overlap in the predictors of successful abstinence at both short and longer-term follow-up,

including the two most reliable predictors of quit success: nicotine dependence and socioeconomic status.29

Table 1: Association of predictors of quit success with abstinence at 4 and 52 weeks.

aData come from Judge et al16; bData come from Ferguson et al15

Note: ? indicates direction is unclear, – indicates absence of significant association
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4-week 52 week

Predictors abstinencea abstinenceb

                                                                                                                 Direction of significant association

Low socio-economic status

High nicotine dependence

Older age

Women

Motivation to quit

Poor health status

Smoke for pleasure

–

?
?



Conclusion
Four-week CO-validated quit rates represent a reliable and valid indicator of smoking cessation which,

based on a large body of research, can be used to predict long-term abstinence rates. Taken together

with only modest increases in accuracy for longer follow-ups, but with associated disadvantages in

terms of the feasibility and costs of such long-term assessments, the current standard for measuring

the abstinence of clients using stop smoking services provides a good balance between accuracy and

practicability.

Why use CO-verified 4-week quit rates as the primary measure
of stop smoking service success?

5www.ncsct.co.uk



References
1. Brose LS, West R, McDermott MS, Fidler JA, Croghan E, McEwen A. What makes for an effective stop-smoking service? Thorax 2011.

2. Department of Health. Local Stop smoking services: Service delivery and monitoring guidance – 2011/12.

London: Department of Health, 2011.

3. Department of Health. Statistics on NHS Stop Smoking Services in England, April 2012 to March 2013. 2013.

Leeds, Health and Social Care Information Centre. Ref Type: Report

4. West R, Hajek P, Stead L, Stapleton J. Outcome criteria in smoking cessation trials: proposal for a common standard.

Addiction 2005;100:299-303.

5. Hughes JR, Keely JP, Niaura RS, Ossip-Klein DJ, Richmond RL, Swan GE. Measures of abstinence in clinical trials: issues and recommendations.

Nicotine Tob Res 2003;5:13-25.

6. Javors MA, Hatch JP, Lamb RJ. Cut-off levels for breath carbon monoxide as a marker for cigarette smoking.

Addiction 2005;100:159-167.

7. Brose LS, Tombor I, Shahab L, West R. The effect of reducing the threshold for carbon monoxide validation of smoking abstinence

– evidence from the English Stop Smoking Services. Addict Behav 2013;38:2529-2531.

8. NICE (2010) Quitting smoking in pregnancy and following childbirth (PH26). London, National Institute for Health and Clinical Excellence.

9. ASH (2013) Smoking cessation in pregnancy: A call to Action. Action on Smoking and Health on behalf of the smoking cessation

in pregnancy challenge group, London.

10. Bauld, L., Hackshaw, L., Ferguson, J et al (2012) Implementation of routine biochemical validation and an ‘opt out’ referral pathway

for smoking cessation in pregnancy. Addiction, 107 (S2): 53–60.].

11. Eysenbach G. The law of attrition. J Med Internet Res 2005;7:e11.

12. Wright CC, Sim J. Intention-to-treat approach to data from randomized controlled trials: a sensitivity analysis.

J Clin Epidemiol 2003;56:833-842.

13. Edwards P, Roberts I, Clarke M et al. Increasing response rates to postal questionnaires: systematic review. BMJ 2002;324:1183.

14. Prochaska JO, Velicer WF, Fava JL, Rossi JS, Tsoh JY. Evaluating a population-based recruitment approach and a stage-based expert

system intervention for smoking cessation. Addict Behav 2001;26:583-602.

15. Ferguson J, Bauld L, Chesterman J, Judge K. The English smoking treatment services: one-year outcomes. Addiction 2005;100:59-69.

16. Judge K, Bauld L, Chesterman J, Ferguson J. The English smoking treatment services: short-term outcomes.

Addiction 2005;100 Suppl 2:46-58.

17. Gonzales D, Rennard SI, Nides M et al. Varenicline, an alpha4beta2 nicotinic acetylcholine receptor partial agonist, vs sustained-release

bupropion and placebo for smoking cessation: a randomized controlled trial. JAMA 2006;296:47-55.

18. Tonnesen P, Paoletti P, Gustavsson G et al. Higher dosage nicotine patches increase one-year smoking cessation rates: results from the

European CEASE trial. Collaborative European Anti-Smoking Evaluation. European Respiratory Society. Eur Respir J 1999;13:238-246.

19. Hurt RD, Sachs DP, Glover ED et al. A comparison of sustained-release bupropion and placebo for smoking cessation.

N Engl J Med 1997;337:1195-1202.

20. Sutton SR. Interpreting relapse curves. J Consult Clin Psychol 1979;47:96-98.

Why use CO-verified 4-week quit rates as the primary measure
of stop smoking service success?

6www.ncsct.co.uk



21. Kirshenbaum AP, Olsen DM, Bickel WK. A quantitative review of the ubiquitous relapse curve. J Subst Abuse Treat 2009;36:8-17.

22. Etter JF, Stapleton JA. Nicotine replacement therapy for long-term smoking cessation: a meta-analysis. Tob Control 2006;15:280-285.

23. Bauld, L. (2014) Longer term outcomes from stop smoking services. London, UK National Smoking Cessation Conference, 13th June 2014:

www.uknscc.org/uknscc2014_presentation_295.php

24. USDHHS. Treating tobacco use and dependence. Clinical practice guideline. 00-0032 ed. Rockville, MD: US Dept of Health and

Human Services, P.H.S, 2000.

25. Zhu S, Melcer T, Sun J, Rosbrook B, Pierce JP. Smoking cessation with and without assistance: a population-based analysis.

Am J Prev Med 2000;18:305-311.

26. Hughes JR, Keely J, Naud S. Shape of the relapse curve and long-term abstinence among untreated smokers.

Addiction 2004;99:29-38.

27. West R, Stapleton J. Clinical and public health significance of treatments to aid smoking cessation.

Eur Respir Review 2008;17:199-204.

28. Bauld L, Bell K, McCullough L, Richardson L, Greaves L. The effectiveness of NHS smoking cessation services: a systematic review.

J Public Health (Oxf) 2010;32:71-82.

29. Vangeli E, Stapleton J, Smit ES, Borland R, West R. Predictors of attempts to stop smoking and their success in adult general

population samples: a systematic review. Addiction 2011;106:2110-2121.

Why use CO-verified 4-week quit rates as the primary measure
of stop smoking service success?

7www.ncsct.co.uk


