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ABStrACt

introduction: There is growing concern about population disparities in tobacco-related morbidity and mortality. This paper 
introduces the reach ratio as a complementary measure to reach for monitoring whether quitline interventions are reaching high 
risk groups of smokers proportionate to their prevalence in the population.

Methods: Data on smokers were collected at intake by 7 Canadian provincial quitlines from 2007 to 2009 and grouped to 
identify 4 high risk subgroups: males, young adults, heavy smokers, and those with low education. Provincial data are from the 
Canadian Tobacco Use Monitoring Survey. Reach ratios (ReRas), defined as the proportion of quitline callers from a subgroup 
divided by the proportion of the smoking population in the subgroup, and 95% confidence intervals were calculated for the sub-
groups. A ReRa of 1.0 indicates proportionate representation.

results: ReRas for male smokers and young adults are consistently less than 1.0 across all provinces, indicating that a lower 
proportion of these high-risk smokers were receiving evidence-based smoking cessation treatment from quitlines. Those with 
high levels of tobacco addiction and less than high school education have ReRas greater than 1.0, indicating that a greater propor-
tion of these smokers were receiving cessation treatments.

Conclusion: ReRas complement other measures of reach and provide a standardized estimate of the extent to which subgroups 
of interest are benefiting from available cessation interventions. This information can help quitline operators, funders, and poli-
cymakers determine the need for promotional strategies targeted to high risk subgroups, and allocate resources to meet program 
and policy objectives.

iNtroduCtioN

Tobacco use kills more than 5 million people worldwide each 
year and is expected to become the top preventable cause of death 
worldwide by 2030 (World Health Organization, 2012). Smoking 
rates are higher among young adults, males, those with lower 
socioeconomic status and less education (Fagan, Moolchan, 
Lawrence, Fernander, & Ponder, 2007; Reid & Hammond, 2013; 
Sood, Andoh, Rajoli, Hopkins-Price, & Verhulst, 2008), African 
Americans (Rabius, Wiatrek, & McAlister, 2012; Zhu et  al., 
2011), Aboriginal peoples, those in trade occupations (Schwartz 
et al., 2010), and those with major psychiatric illness (Lasser et al., 
2000). These subgroups bear a disproportionate share of the bur-
den from tobacco (Fiore et al., 2008; World Health Organization, 
2008a; World Health Organization, Commission on Social 
Determinants of Health, 2008b). If inequalities in tobacco related 
morbidity and mortality are to be reduced, effective cessation 

interventions must be available, culturally appropriate, and reach 
population subgroups with high smoking rates.

Quitlines are an evidence-based smoking cessation inter-
vention (Burns, Deaton, & Levinson, 2011; Cokkinides, 
Halpern, Barbeau, Ward, & Thun, 2008; Fiore et  al., 2008; 
Stead, Perera, & Lancaster, 2006; Zhu et al., 2002) delivered by 
telephone in at least 53 countries (World Health Organization, 
2011)—usually at no cost to the user. Smokers who want to 
quit are provided with information, self-help materials, refer-
rals to other resources, and tailored motivational counseling. 
Many quitlines also offer proactive follow-up counseling tied 
to readiness to quit and some provide free or discounted nico-
tine replacement therapy.

Reductions in tobacco related morbidity and mortality at a 
population level are a function of both the quit rate and reach 
(Glasgow, Klesges, Dzewaltowski, Estabrooks, & Vogt, 2006). 
For health interventions, reach is defined as the absolute number, 
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percentage, and representativeness of those whose health is to 
be improved as a result of the intervention (Jilcott, Ammerman, 
Sommers, & Glasgow, 2007; North American Quitline 
Consortium, 2009b). Quitline treatment reach is calculated by 
dividing the number of smokers who receive evidence-based 
treatment by the total number of smokers in the target popula-
tion (North American Quitline Consortium, 2009b). However, 
this measure does not tell us if subgroups of smokers who use the 
quitlines are proportional to smokers with the same characteris-
tics in the population (e.g., low socioeconomic status).

This paper introduces the “reach ratio” (ReRa) as a com-
plementary measure of the representativeness of smokers using 
the quitline. It is a new measure for understanding reach and is 
different from the comparison of percentages approach (e.g., 
Zhu et al., 1995) and expands upon the early reach ratio work 
of Ossip and associates (North American Quitline Consortium, 
2009a). It can be used to determine if the quitline is reach-
ing those with higher smoking rates and provides information 
needed for developing targeted promotional campaigns. As an 
example, we report ReRas for smokers in four high risk sub-
groups: males, young adults, those heavily addicted to tobacco, 
and with less than a high school education.

MethodS

Study Design

This descriptive study used intake data on eligible smokers col-
lected by seven Canadian provincial quitlines during the period 
from January 1, 2007 to December 31, 2009 (n  =  14,432). 
Eligible smokers were calling for themselves for help quit-
ting, who had not received quitline counseling in the previous 
12  months and were 18  years of age or older. Data on pro-
vincial smoking rates by subgroup were obtained from the 
Canadian Tobacco Use Monitoring Survey (CTUMS) data for 
2007, 2008, and 2009 (Health Canada, 2008, 2009, 2010).

Measures

Age for both quitline callers and provincial CTUMS data was 
grouped into four categories: 18–24 years, 25–44 years, 45–
64 years, and 65 years of age and over. Level of addiction was 
measured by the Heaviness of Smoking Index (HSI) and cat-
egorized as low (scores of 0–2), medium (scores of 3–4), and 
high (scores of 5–6) (Heatherton, Kozlowski, Frecker, Rickert, 
& Robinson, 1989; John et al., 2004; Perez-Rios et al., 2009). 
Three levels of education were created: less than high school, 
high school graduates, and postsecondary graduates. Missing 
values were not included in the analysis.

Analysis

Descriptive statistics were used. The ReRa estimates were 
obtained using SAS (version 9.2) by taking the ratio of the pro-
portion of callers to the quitline in a particular category (e.g., 
male) to the proportion of Canadian current smokers in the 
same category. Population data from CTUMS were weighted 
using the bootstrap weights provided by Statistics Canada.

Confidence intervals were calculated for the natural logarithm 
of the ReRa using the delta method to obtain an approximate 
variance (Fagerland, Lydersen, & Laake, 2011). The variance of 
the numerator was obtained assuming a binomial model for the 

number of callers in the category, pooled across the 3 years. The 
estimated variance of the bootstrap weighted ratio estimate of 
the proportion of current smokers in a category pooled across the 
3 years was used in the denominator. Final confidence intervals 
were obtained by exponentiating the endpoints of the confidence 
intervals for the natural logarithm of the ReRa.

A ReRa of 1.0 indicates that quitline reach to the subgroup 
is proportional to the distribution of the subgroup in the smok-
ing population. A value of more than 1.0 indicates higher reach 
within the subgroup, while less than 1.0 indicates the popula-
tion subgroup is under-represented among quitline callers.

reSultS

Caller Characteristics and Tobacco Behavior

Table  1 shows the demographic characteristics, and level 
of addiction for quitline callers who were smoking at intake 
per year (averaged over the 3  years; n  =  4,811) for the 
seven provinces, and the corresponding population estimate 
(n = 2,480,866). Of callers, less than half were male (n = 1,992, 
41.5%), 7.5% were age 18–24 years (n = 328), one quarter were 
highly addicted (n  =  1,107, 25.0%), and approximately one 
third had less than a high school education (n = 1,134, 29.1%).

Reach Ratios

Figure 1 shows ReRas and 95% CIs for each of the subgroups 
of interest by province for the period of 2007–2009.

Sex
The ReRa for male smokers was below 1.0 for all provinces—
lower than would be expected given the proportion of male 
smokers in each province. There was not much variability 
across provinces (0.64–0.83).

Age Group
Younger smokers are also under-represented in the population 
served by provincial quitlines. While there was more variabil-
ity in ReRa across provinces (0.36–0.73), all were below 1.0. 
Province A had the lowest proportion of 18–24 year old smok-
ers receiving treatment, and the 95% CI did not overlap those 
of Provinces B, C, D, or G.

Level of Addiction
Highly addicted smokers are well represented among those 
receiving cessation treatment from provincial quitlines. 
Provinces cluster in two groups: those with ReRa under 2.5 and 
those above. The largest differences were found for Province 
A  (ReRa  =  1.82, CI  =  1.39–2.38) as compared to Provinces 
D (ReRa  =  3.30, CI  =  2.46–4.41) and G (ReRa  =  3.70, 
CI = 2.79–4.90).

Education Level
Smokers with less than a high school education have equitable 
or higher representation among quitline callers. Provinces E 
(ReRa = 1.26, CI = 1.02–1.55) and D (ReRa = 1.29, CI = 1.08–
1.53) have confidence limits approaching 1.0. The ReRa is 
higher in Province B (ReRa = 1.77, CI = 1.46–2.16) than in 
Provinces A (ReRa = 1.18, CI = 1.04–1.34), F (ReRa = 1.17, 
CI = 0.99–1.37) and G (ReRa = 1.07, CI = 0.91–1.25).
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diSCuSSioN

This report introduces the reach ratio as a complementary 
measure of reach for subgroups of the population. The ReRa 
provides a reliable estimate of the extent to which subgroups 
of interest are benefiting from quitlines. Smoking rates and 
associated morbidity and mortality are unequally distrib-
uted within the population. Data on the use of quitlines by 
subgroups with higher smoking rates is limited, but existing 

studies report these subgroups are only a small proportion 
of callers.

Our study found heavily addicted smokers and smok-
ers with lower levels of education were well represented 
among smokers receiving treatment from Canadian quitlines. 
However, young adult smokers and male smokers were under-
represented. These findings are consistent with other descrip-
tive studies that report callers to quitlines are more likely to 
be highly addicted and less likely to be male or young adults 

table 1. Quitline Callers’ Demographic Characteristics and Smoking Habits Compared to the Smoking 
Population for Seven Provinces (2007–2009)

Smoker characteristics  
(daily or occasional)

Average annual quitline  
callers, % (n)

Average annual smoking  
population, % (weighted n)

N (average per year) 4,811 2,480,866
 Sex
  Male 41.5 (1,992) 53.8 (1,333,587)
  Female 58.5 (2,811) 46.2 (1,147,279)
   Missing (7)
 Age
  18–24 7.5 (328) 15.4  (381,328)
  25–44 34.2 (1,497) 39.2  (972,140)
  45–64 48.1 (2,109) 38.8 (961,788)
  65+ 10.2 (446) 6.7 (165,611)
   Missing (430)
 Heaviness of smoking index
  Low 28.9 (1,280) 48.8 (866,769)
  Medium 46.1 (2,039) 40.4 (718,022)
  High 25.0 (1,107) 10.8 (190,971)
   Missing (385)
 Highest level of education
  Less than high school 29.1 (1,134) 18.0 (441,250)
  High school graduates 33.7 (1,313) 45.7 (1,117,253)
  Postsecondary graduates 37.2 (1,449) 36.3 (887,045)
   Missing (915)

Sources. Quitline intake data for January 1, 2007 to December 31, 2009; Canadian Tobacco Use and Monitoring Survey Annual 
data for 2007, 2008, and 2009, weighted.
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figure 1. Reach ratios for male smokers (a), smokers aged 18–24 (b), highly addicted smokers (c), and smokers with less than 
high school education (d) by province (2007–2009).
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(Cokkinides et al., 2008; North American Quitline Consortium, 
2011).

ReRas can be used to set priorities and to track subgroup 
response to targeted promotional strategies, tobacco control 
policies, and programs. It is also possible to calculate the 
change in the number of subgroup smokers that would be 
required to shift the ReRa from one value to another (e.g., 
increase ReRa from 0.75 to 1.0). These numbers can help 
policy makers and planners determine the resources needed 
to treat smoking subgroups associated with a change in ReRa. 
Promotions can be initiated or dropped depending on the ReRa 
value in that subgroup and the estimated resources required to 
provide treatment.

Quitline decision-makers will need to decide the “ideal” 
ReRa for specific subgroups, keeping in mind that increases 
above 1.0 means the complementary subgroup will be below 
1.0 (e.g., increasing male ReRa means decreasing female 
ReRa). A value of 1.0 would mean that there is equitable reach 
into both subgroups. An exception to a ReRa of 1.0 could be 
desirable if tobacco is a greater burden for one of the subgroups.

ReRas are a standardized measure and allow cross-juris-
dictional comparisons. Decision-makers can compare ReRas 
under different promotional strategies for high risk subgroups, 
reducing development and testing costs associated with launch-
ing new promotions. For evaluators and researchers, the ReRa 
provides a useful indicator by which to assess or test different 
interventions, as well as examine the impact of policy changes 
and other “natural experiments” targeting high risk or vulner-
able smokers.

Smoking rates for all smokers in the subgroup are required 
to calculate a ReRa, and such data are not always available. For 
example, we did not have population data on smoking rates 
for Aboriginal peoples or people with major psychiatric ill-
ness. Organizations which conduct population based tobacco 
surveys must be encouraged to collect and make that data avail-
able before targeted interventions can be evaluated.

Study Limitations

Both population and caller data are self-reported. This may 
lead to some differential assignment to subgroups but is not 
expected to introduce significant systematic biases to the 
ReRas. Data for this study were collected by quitlines as part of 
providing smoking cessation services. Missing data is common 
in most administrative datasets. Our study found that 19% of 
participants were missing education but comparison of ReRas 
with and without imputation did not reveal large differences. 
Thus we do not believe this was a serious limitation.

We did not address overlap among subgroups. The ReRa 
for young, male, heavy smokers may be quite different than 
the ReRas for the larger subgroups. Comparability of reach 
ratios across quitlines is reliant on intake questions and 
responses using the same wording, categories, and definitions. 
Differences in reach ratios across provinces could be due to 
differences in how quitlines asked intake questions or recorded 
responses. We think this is minimized by the implementation 
of the NAQC Minimal Data Set by these provinces (Campbell 
et al., 2007).

Finally, the reasons behind inter-provincial and subgroup 
differences cannot be explained by this study. Provinces may 
have directed promotional initiatives at specific target groups. 
Alternatively, subgroups may have responded differently to 

external events or other tobacco control initiatives. These are 
areas for future research.

Conclusion

As a complement to reach indicators such as the number or 
percentage of a subgroup receiving evidence-based treatment, 
this paper presents the reach ratio as a standardized indica-
tor for measuring the representativeness of smokers receiving 
treatment from quitlines and has the potential for future appli-
cation to cessation interventions more broadly. ReRa facilitates 
comparisons of reach into smoking subgroups over time and 
across jurisdictions, and is useful for planning and monitoring 
the impact of tobacco control policy efforts targeting vulner-
able populations of smokers. Measuring representativeness as 
well as overall reach is important for evaluating population-
based interventions to ensure high risk smokers benefit from 
available cessation treatments.
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